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ABSTRACT 
 
Background 
Mycetoma is a chronic granulomatous disease of subcutaneous and deep tissue. 
Progressive destruction of tissue leads to loss of function of the affected site. The 
pathogens are found in the soil as saprophytes, inoculated through the skin by minor 
cuts or scratches by thorn or splinter wounds.  Mycetoma infection is caused by true 
fungi (eumycetoma) or by higher bacteria of the class actinomycetes 
(actinomycetoma). The incidence of mycetoma in Sudan has not changed; around 
400 new cases are seen in hospitals and outpatient clinics every year. Treatment of 
Eumycetoma infection is difficult and the rate of recurrence after surgery is high in 
spite of medical treatment in combination with surgery. The quest for effective 
medical treatment was therefore actively persued. 
Objective 
1-To test the antimicrobial activity of 45 indigenous plant extracts (leaves, bark, 
roots, pods, seeds and fruits), against mycetoma pathogens, using agar diffusion 
method.  
2-To achieve NCCLS modified in vitro test against Madurella mycetomatis and 
immunomodulation property for Prosopis chilensis (leaves, bark and root), the most 
active plant as well as the chemical constituents.  
Methodology 
70 plant extracts were prepared by small scale extraction procedure with 70% 
methanol. The mycetoma pathogens were isolated from patients and cultured using 
different media. The antimicrobial activity was assayed in vitro using different 
methanolic extracts. Large scale extraction procedure was done with different 
solvent fractions for Prosopis chilensis three parts. In vitro susceptibility for 
Madurella mycetomatis hyphal suspension as well as immunomodulation property 
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was tested using different human blood cells Prosopis chilensis three parts extract 
and fraction. 
Results  
Twenty four plant extracts from 70 extracts(from 45 plant species) exhibited 
various degrees of antimicrobial activity. MIC range between 0.2-4 mg/5ml against 
the three organisms.  Crude methanolic extracts from the leaves and bark of P. 
chilensis showed the most potent activity against M. mycetomatis of MIC value 
0.26 mg/5ml medium and 0.5 mg/5ml medium respectively. While S. nigrum fruits 
showed MIC against M.mycetomatis of 0.8 mg/5ml and M. olifera seeds 0.95 
mg/5ml and L. sativum seeds of 1mg/5ml. P. chilensis leaves showed 0.35 mg/5ml 
medium against A. pelletieri and 0.3 mg/5ml medium against S. somaliensis . P. 
chilensis leave and the bark methanol crude extract exhibited antifungal activity 
against M.mycetomatis at concentration range from0.02 to 1mg/ml. The leaves and 
the bark of P. chilensis crude extract inhibit the growth completely at both 
concentrations 1mg and 0.5 mg/2ml medium. While PcR-1 {5-hydroxy4’-
hydroxy7-Orhamnopyrnoside flavone (57)}, isolated from the root is the most 
potent compound at 1mg/2ml in compared to the control (ketoconazol 1mg/2ml). 
PcL-7 Piperidine-2-methyl -3 acetyl-6-dodcyl- 25-methyl –indolizin-ol (59), 
isolated from the leaves, showed fungal growth inhibition at 1mg/2ml medium. 
The leaves extracts, showed a dose- dependent effect with > 90% inhibition at the 
highest concentration (100 µg/ml), have effect on the cell response.  
The methanol extract of the leave is most active with inhibition 99.8 ± 0.1% at 12.5 
µg/ml while the bark and root show high activity at 100µg/ml and they revealed 
variable inhibition % and LC50  < 12.5. Immunosuppressive activity were found 
significantly (P < 0.01) suppressing the proliferation of T-cells. 
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Conclusion 
Out of 70 methanolic extracts of different plants P. chilensis leaves and barks were 
found to be the most potent antimicrobial agents against mycetoma causing 
pathogens. The alkaloidal compounds isolated from the leaves extract were the 
most potent antifungal among other examined compounds.  
These studies clearly demonstrate that P. chilensis plant is rich source of 
antimicrobial and immunomodulating substances. The majority of the isolated 
compounds were found to possess significant antifungal activity and good 
candidates for developing immunosuppressive or antimicrobial agents. 
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  اﻟﺮﺣﻴﻢ اﻟﺮﺣﻤﻦ ﷲ ا ﺑﺴﻢ
 ﺧﻼﺻﺔ  اﻟﺒﺤﺚ
  ﺨﻠﻔﻴﺔ اﻟ
ﻋﻨﺪ . وهﻮ ﺗﻮرم  ﻣﻮﺿﻌﻰ ﺣﺒﻴﺒﻮﻣﻰ ﺗﺤﺖ  اﻟﺠﻠﺪ واﻻﻧﺴﺠﻪ اﻟﻌﻤﻴﻘﻪ , ﺗﻌﻨﺒﺮ  اﻟﻤﺎﻳﺴﺘﻮﻣﺎ  ﻣﻦ  اﻻﻣﺮاض  اﻟﻤﺰﻣﻨﻪ
ﻳﻮﺟﺪ  ﻣﻴﻜﺮوب .  اﻻﺻﺎﺑﻪ  اﻟﻤﺴﺘﻔﺤﻠﺔ  ﺗﺘﻌﺮض  اﻻﻧﺴﺠﻪ اﻟﻰ  ﺗﺪﻣﻴﺮﺑﺎﻟﻎ  ﻣﻤﺎ ﻳﻌﺮض  اﻟﻌﻀﻮ  اﻟﻤﺼﺎب  ﻟﻠﺒﺘﺮ 
ﻣﺘﺤﻮﺻﻞ  ﻓﻰ  اﻟﺘﺮﺑﻪ وﻳﺪﺧﻞ اﻟﻰ ﺟﺴﻢ  اﻟﻤﺼﺎب  ﻋﻦ  ﻃﺮﻳﻖ  اﻟﺨﺪش  او ﺟﺮح  ﺻﻐﻴﺮ  او ﻃﻌﻨﺔ اﻟﻤﺎﻳﺴﺘﻮﻣﺎ   
          .ﺷﻮآﺔ 
  ﺗﺴﺒﺐ ﻣﺮض  اﻟﻤﺎﻳﺴﺘﻮﻣﺎ  ﻓﻄﺮﻳﺎت ﺣﻘﻴﻘﻴﻪ آﻤﺎ ﻓﻰ     amotecymue   
    ﺔﻣﻦ ﻓﺼﻴﻠ وﺑﺎآﺘﺮﻳﺎ ﻋﻠﻴﺎ  setecymonitcA  
اﺻﺎﺑﻪ ﺟﺪﻳﺪﻩ ﺳﻨﻮﻳﺎ  ﻓﻰ  اﻟﻤﺴﺘﺸﻔﻴﺎت ﺣﺎﻟﻪ   004ﺗﺬداد  ﻣﻌﺪﻻت  اﻻﺻﺎﺑﻪ  اﻟﺘﻜﺮارﻳﻪ ﺣﻴﺚ  ﺗﺼﻞ اﻟﻰ  
اﻟﻤﺮﺿﻰ  ﺑﻌﺪ اﻟﺠﺮاﺣﻪ  ﺣﻴﺚ ﺗﺼﻞ  اﻟﻰ اﻻﻧﺘﻜﺎس  آﻤﺎ ﺗﻈﻬﺮ  ﻣﻌﺪﻻت  آﺒﻴﺮﻩ  آﺤﺎﻻت.  واﻟﻌﻴﺎدات  اﻟﺨﺎرﺟﻴﻪ
ﻣﻤﺎ ادى ﻟﻠﺒﺤﺚ  ﻋﻦ  ﻣﻀﺎدات اﺧﺮى  ذات ﻓﻌﺎﻟﻴﻪ ﺟﻴﺪﻩ  ﺋﻴﻪ ﺑﺎﻻﺿﺎﻏﺔ ﻟﻼﺛﺎراﻟﺠﺎﻧﺒﻴﻪ  ﻟﻼدوﻳﻪ  اﻟﻜﻴﻤﻴﺎ%  08 
  .ﻣﻦ ﻣﺼﺎدر ﻧﺒﺎﺗﻴﻪ 
  ﻣﻦ  اﻟﺒﺤﺚاﻟﻐﺮض  
. ﻧﺒﺎت ذات اﻧﻮاع  ﻣﺨﺘﻠﻔﻠﻪ  ﻣﻦ  اﺻﻮل ﺳﻮداﻧﻴﻪ  ﻟﻬﺎ ﻓﻌﺎﻟﻴﻪ ﺣﻴﻮﻳﻪ  ﺿﺪ اﻟﺒﻜﺘﺮﻳﺎ  واﻟﻔﻄﺮﻳﺎت  54اﺧﺘﻴﺎر ﺣﻮاﻟﻰ 
  .ﻻﺟﺰاء  ﻣﺨﺘﻠﻔﻪ ﻟﻬﺬﻩ  اﻟﻨﺒﺎﺗﺎت  ﻣﺴﺘﺨﻠﺺ  07ﻣﻨﻬﺎ 
(  ﻓﻄﺮى 1ﻣﻦ  اﻟﺒﻜﺘﺮﻳﺎ   2)اﺧﺘﺒﺎر  ﻓﻌﺎﻟﻴﺔ  هﺬﻩ  اﻟﻤﺴﺘﺨﻠﺼﺎت  ﻋﻠﻰ  ﺛﻼث ﻣﻦ ﻣﻴﻜﺮوﺑﺎت  اﻟﻤﺎﻳﺴﺘﻮﻣﺎ  
  .    ﺳﺘﺨﺪام ﻃﺮﻳﻘﺔ  اﺧﺘﺮاق  وﺳﻂ  اﻻﺟﺎر ﺑﺎ
  ﻓﻌﺎﻟﻴﺔ ﻧﺒﺎت آﺬﻟﻚ اﺧﺘﺒﺎر  اﻟﻤﺴﻜﻴﺖ sisnelihc siposorP
اﻟﻤﻨﺎﻋﻲ ﻟﻜﻞ   ﺧﺎﺻﻴﺔ اﻟﺘﺤﻮﻳﺮﺑﺎﺳﺘﺨﺪام  اﻟﻄﺮﻳﻘﺔ  اﻟﻤﺴﺘﺤﺪﺛﻪ  ﻟﺰراﻋﺔ  اﻟﻔﻄﺮﻳﺎت  اﻟﺨﻴﻄﻴﻪ  وآﺬﻟﻚ  اﺧﺘﺒﺎر  
  .ﻣﻦ  اﻻوراق  واﻟﺤﺎء واﻟﺠﺬورﻟﻬﺬا  اﻟﻨﺒﺎت 
 ﻃﺮق وﻣﻮاد  اﻟﺒﺤﺚ
ﻋﺰل  . ﺑﺎ ﺳﺘﺨﺪام اﻟﻤﻘﺪار اﻟﻤﺼﻐﺮ ﻟﻼﺳﺘﺨﻼص % 07ﻣﺴﺘﺨﻠﺺ ﻣﻦ اﻟﻜﺤﻮل اﻟﻤﺜﻴﻠﻰ   07ﺤﻀﻴﺮ ﺗ     
ﺮوﺑﻲ ﺧﺎرج اﻟﺠﺴﻢ ﻜاﺧﺘﻴﺎر اﻟﺘﺜﺒﻴﻂ اﻟﻤﻴ.  ﻣﻴﻜﺮوﺑﺎت اﻟﻤﺎﻳﺴﺘﻮﻣﺎ  ﻣﻦ  اﻟﻤﺮﺿﻰ  وزرﻋﻬﺎ ﻓﻰ  اوﺳﺎط  ﻣﺨﺘﻠﻔﻪ
  .اﻟﻤﺴﺘﺨﻼﺻﺎت ﺑﻄﺮﻳﻘﺔ  اﺧﺘﺮاق وﺳﻂ اﻻﺟﺎر ﻟﻜﻞ
وﻣﻦ ﺛﻢ  اﺳﺘﺨﺪام , ﺟﺬور ﻧﺒﺎت اﻟﻤﺴﻜﻴﺖ ﺑﺎﺳﺘﺨﺪام اﻟﻤﻘﺪاراﻟﻤﻜﺒﺮ ﻟﺤﺎء و, ﺗﺤﻀﻴﺮ ﻣﺴﺘﺨﻠﺼﺎت ﻣﺨﺘﻠﻔﺔ ﻻوراق 
ﻟﻔﻄﺮ  ﺧﺎرج اﻟﺠﺴﻢ وﻣﻦ ﺛﻢ اﺧﺘﺒﺎر ﻗﺎﺑﻠﻴﺔ اﻟﺘﺜﺒﻴﻂ  اﻟﺤﻴﻮى  اﻟﻄﺮﻳﻘﺔ  اﻟﻤﺴﺘﺤﺪﺛﻪ ﻟﺰراﻋﺔ  اﻟﻔﻄﺮﻳﺎت اﻟﺨﻴﻄﻴﻪ 
  sitamotecym   allerudaM
                 .اﻟﻤﺴﻜﻴﺖ ت ﻨﺒﺎﻟاﻟﻤﻨﺎﻋﻲ ﻟﻜﻞ  ﻣﻦ  اﻻوراق  واﻟﻠﺤﺎء واﻟﺠﺬور ﺘﺤﻮﻳﺮاﻟ ﺧﺎﺻﻴﺔ وآﺬﻟﻚ  اﺧﺘﺒﺎر
  .ﻣﻦ ﺛﻢ ﻓﺼﻞ ﻋﺪة ﻣﺮآﺒﺎت آﻴﻤﻴﺎﺋﻴﺔ ﺑﺎﺳﺘﺨﺪام ﻃﺮق اﻟﺘﺤﻠﻴﻞ اﻟﻤﺨﺘﻠﻔﺔ و
 ﻣﻨﺎﻗﺸﺔ ﻧﺘﺎﺋﺞ اﻟﺒﺤﺚ  
ﻣﺴﺒﺒﺎت اﻟﻤﺎﻳﺴﺘﻮﻣﺎ ﺑﺎﻗﻞ درﺟﺔ ﺗﺜﺒﻴﻂ  ﺛﻼث ﻣﻦ ﻣﺴﺘﺨﻠﺺ ﻧﺒﺎﺗﻰ ﻟﻬﺎ درﺟﺔ ﻣﻦ اﻟﺘﺜﺒﻴﻂ اﻟﻤﻴﻜﺮوﺑﻰ ﺿﺪ 42
  ﻣﻞ ﻣﻦ اﻟﻮﺳﻂ  5ﻣﻠﺠﺮام ﻟﻜﻞ  4-2.0ﺗﺘﺮاوج ﺑﻴﻦ 
 ﻜﻞ ﻣﻦ ﻟﺠﺎء واوراق ﻧﺒﺎت اﻟﻤﺴﻜﻴﺖ اآﺜﺮ ﻧﺎﺟﻌﺎ ﻟﺘﺜﺒﻴﻂ ﻣﻴﻜﺮوﺑﺎت اﻟﻤﺎﻳﺴﺘﻮﻣﺎﻟ اﻟﻤﻴﺜﻞ ﺴﺘﺨﻠﺼﺎتﺣﻴﺚ اﺑﺪت ﻣ
 ﻣﻞ 5ﻟﻜﻞ  ﻣﻠﺠﺮام 5.0و ﻣﻞ 5ﻟﻜﻞ  ﻣﻠﺠﺮام 62.0اﻗﻞ درﺟﺔ ﺗﺜﺒﻴﻂ ﻟﻔﻄﺮ اﻟﻤﺎدﻳﻮرﻻ آﺎﻧﺖ ﻟﻤﺴﺘﺨﻠﺺ اﻻوراق 
iv  
 8.0اﻗﻞ درﺟﺔ ﺗﺜﺒﻴﻂ  دﻳﻮرﻻﺎاﺑﺪى ﻣﺴﺘﺨﻠﺺ اﻟﻤﺜﻴﻞ ﻟﺜﻤﺮة ﻋﻨﺐ اﻟﺪﻳﺐ ﻓﻌﺎﻟﻴﺔ ﺗﺠﺎﻩ ﻓﻄﺮ اﻟﻤ.  ﻟﻤﺴﺘﺨﻠﺺ اﻟﺤﺎء
 1وﺑﺬور ﻧﺒﺎت اﻟﺮﺷﺎد ﻣﻠﺠﺮام  59.0ﻣﻞ آﺬﻟﻚ ﻣﺴﺘﺨﻠﺺ ﺑﺬور ﻧﺒﺎت اﻟﺮواق اﻗﻞ درﺟﺔ ﺗﺜﻴﺴﻂ  5ﻣﻠﺠﺮام ﻟﻜﻞ 
    آﻤﺎ اﺑﺪى ﻣﺴﺘﺨﻠﺺ اوراق ﻧﺒﺎت اﻟﻤﺴﻜﻴﺖ ﻓﻌﺎﻟﻴﺔ واﺿﺤﺔ ﻟﻠﺒﻜﺘﺮﻳﺎ اﻟﻤﺴﺒﺒﻪ ﻟﻠﻤﺎﻳﺴﺘﻮﻣﺎ اﻗﻞ درﺟﺔ. ﻣﻠﺠﺮام 
    sisnelamos.Sﻠﺠﺮام ﻟﺒﻜﺘﺮﻳﺎ     ﻣ 3.0و    iretellep.Aﻣﻠﺠﺮام ﻟﺒﻜﻨﺮﻳﺎ  53.0ﺗﺜﺒﻴﻂ 
ﺑﺪى ﻣﺴﺘﺨﻠﺼﺎ اﻻوراق واﻟﺤﺎء اﻟﻤﻴﺜﻠﻰ ﺗﺜﺒﻴﻄﺎ ا ﻋﻨﺪ اﺧﺘﺒﺎر اﻟﻄﺮﻳﻘﺔ اﻟﻤﺴﺘﺤﺪﺛﺔ  ﻟﺘﺜﺒﻴﻂ اﻟﻔﻄﺮﻳﺎت ﻟﺒﺨﻴﻄﻴﺔ 
   ﺗﻢ ﻓﺼﻞ ﻣﺮآﺐ  . ﻣﻞ 2ﻣﻠﺠﺮام ﻟﻜﻞ  1-20.0اﻗﻞ درﺟﺔ ﺗﺜﺒﻴﻂ ﻧﻤﻮ ﺗﺘﺮاوح ﺑﻴﻦ  ﺢ ﻟﻜﻞ ﻣﻦ ﻓﻄﺮ اﻟﻤﺎدﻳﻮرﻻﺿوا
 })75( enovalf edisonryponmahrO-7yxordyh-’4yxordyh-5{ 1-RcP
  ﻣﻦ ﺟﺬور ﻧﺒﺎت اﻟﻤﺴﻜﻴﺖ ذو ﺗﺜﺒﻴﻂ ﻧﺎﺟﻊ آﻔﻌﺎﻟﻴﺔ اﻟﻤﺤﻜﻢ دواء اﻟﻜﻴﺘﻮآﺎﻧﺰول وآﺬﻟﻚ ﻣﺮآﺐ 
  )95( lo-nizilodni– lyhtem-52 -lycdod-6-lyteca 3- lyhtem-2-enidirepiP 7-LcP 
ﺻﻴﺔ اﻟﺘﺤﻮﻳﺮ ﺒﻴﻄﺎ واﺿﺢ ﻟﺨﺎاﺑﺪى ﻣﺴﺘﺨﻠﺺ ﻟﻼوراق ﺗﺜ . ﻣﻞ 2ﻣﻠﺠﺮام ﺗﻜﻞ  1ﻣﻦ اﻻوراق اﻗﻞ درﺟﺔ ﻧﺜﺒﻴﻂ 
وﻟﻪ اﻳﻀﺎ ﺗﺜﺒﻴﻂ واﺿﺢ ﻟﻠﺨﻼﻳﺎ  ﻟﻠﺨﻼﻳﺎ اﻟﻤﻨﺎﻋﻴﺔ 09%<ﻣﻴﻜﺮوﺟﺮام ﻟﺘﺜﺒﻴﻂ  001اﻟﺠﺮﻋﺔ  اﻟﻤﺆﺛﺮﻩ  اﻟﻤﻨﺎﻋﻰ
  . ﻣﻴﻜﺮوﺟﺮام 5.21>اﻟﺠﺮﻋﺔ اﻟﻤﺆﺛﺮة اﻟﻠﻤﻔﺎوﻳﻪ 
 اﻻﺳﺘﻨﺘﺎج  
ﺘﻮﻣﺎ ﺖ ﻣﻦ هﺬﻩ اﻟﺪراﺳﺔ ان اﻟﻨﺒﺎﺗﺎت ﺗﺤﺘﻮى ﻋﻠﻰ ﻣﻮاد ذات اﺛﺮ ﺗﺜﺒﻴﻄﻰ ﻟﻤﻴﻜﺮوﺑﺎت اﻟﻤﺎﻳﺴاﺳﺘﻨﻠﻄ
وﻟﺬا ﻳﻌﺘﺒﺮ . آﻨﺒﺎت اﻟﻤﺴﻜﻴﺖ اﻟﺬى اﻇﻬﺮ ﺗﺜﺒﻴﻄﺎ واﺿﺢ ﻟﻜﻞ ﻣﻦ اﻟﺒﻜﺘﺮﻳﺎ واﻟﻔﻄﺮ ﺑﺎﻗﻞ ﺗﺮآﻴﺰ 
ﻻوراق واﻟﺤﺎء ﻣﻮﺿﻊ اﺧﺘﺒﺎر ﻟﻌﻼج ﺗﻮرم اﻟﻤﺎﻳﺴﺘﻮﻣﺎ وﺗﺜﺒﻴﻂ اﻟﻨﺤﻮﻳﺮ اﻟﻤﻨﺎﻋﻰ ﻣﺴﺘﺨﻠﺺ آﻞ ﻣﻦ ا
  .ﻟﻬﺬا اﻟﻤﺮض 
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 1. INTRODUCTION  
 
1.1.1 Naturally Occurring Products with Antimicrobial Activity 
The material culture of nearly every civilization throughout the world is based 
more on plants than animal. Healing powers in plans is an ancient idea; 
people all over the continents have long applied poultices and imbibed 
infusion of so many indigenous plants.  Dating back to prehistory, many 
plants are still widely used in ethnomedicine; they are popularized due to their 
therapeutic action, easy availability, low cost and comparatively being devoid 
of serious toxic effects (Cowan, 1999). Secondary metabolites extracted from 
plants are believed to be biosynthesized by growing organisms during the 
evolution process as the protection against external aggression (bacteria, fungi 
and virus) (Queton-Leclercg et al, 1995).  
 Plants lack immune systems and an efficient circulatory system; however 
they possess several means of defense. Amongst these is the pre-infection 
elaboration of antimicrobial agents and the ability to produce phytoalexins 
(Lester & Raghav 1984). 
 Worldwide spending on finding new anti-infective agents including vaccines 
from plant sources is expected to increase. The public is now, becoming 
aware of problems with over prescription and miss use of tradition antibiotics 
Multitude of plant compounds is readily available all over from herbal 
suppliers and natural food sources and self medication with these substances 
(Lester & Raghav 1984).  
Plants have almost limitless ability to synthesize aromatic substance most of 
which are phenols or their oxygenated substitute derivatives. These secondary 
metabolites are substances which serve as plant defense mechanism against 
 predation by microorganisms, insects and herbivores, Phytochemicals 
exhibiting various degrees of antimicrobial activities occur in plant stems, 
leaves, barks, flowers and fruits (Dahanukar  et al., 2000) 
 
1.1.2 Antimicrobial Activity of Phenols and Phenolic Acids   
The simplest bioactive phytochemicals, consist of a single substituted 
phenolic ring as cinnamic acid and caffeic acid (1) in higher oxidation state 
(Cowan 1999). 
                                    
H3CO
COOH
HO
H
H
Caffeic acid 1                         
 While catechol (2) and pyrogallol (3) are hydroxylated phenols, are toxic to 
microorganisms. Catechol has two –OH groups and pyrogallol has three 
hydroxyl groups. The site and the number of the hydroxyl groups in phenol 
are thought to be related to their relative toxicity to microorganism. The 
increase in hydroxylation increases the toxicity. 
              Pyrogallol 3
OH
OHHO
                  Catechol 2
H
OH
HO
                         
The highly oxidized phenols are more inhibitory agents. The mechanism is 
due to enzyme inhibition by oxidizing compounds. Also the sulphydryl 
groups react non-specifically with the proteins (Mason & Wasserman 1987). 
 Eugenol (4) from clove oil is considered as bacteriostatic agent against both 
bacteria and fungi. It possesses a C-3 side chain at a lower level of oxidation 
without oxygen (Cowan 1999). 
CH2
OH
OCH3
Eugenol 4  
 
1.1.3 Antimicrobial Activity of Quinones  
Quinones are aromatic rings with two ketone substitution. They are 
ubiquitous in nature and are highly reactive, coloured compounds and 
responsible for the browning reaction in cut or injured fruits and vegetables 
(Cowan 1999). In addition they provide a source of free radicals and form 
complexes irreversibly with nucleophlic amino acids in protein, which lead to 
inactivate the protein and loss of the functions inside the organism cell. 
Quinone 5
O
O
 
Quinones affect the microbial cells and expose surface adhesion by acting on 
the cell wall polypeptides and membrane bound enzyme (Kazmi et al., 1994). 
Quinones also render substrates unavailable to the microorganisms 
 (Dahanukar et al., 2000). Anthraquinones from Cassia etalica  was 
bacteriostatic against Bacillus anthracis, Corynebacterium 
pseudodiphthericum and Pseudomonas aerugenosa and bactericidal for 
Pseudomonas pseudomalliae (Kazmi et al., 1994). 
 
1.1.4 Antimicrobial Activity of Flavones, Flavonoids and 
Flavonols 
Flavones are phenolic compounds containing one carbonyl group. The 
additions of 3-hydroxyl group yield a flavonol, in general flavonoids are 
hydroxylated phenolic substances which occur as C6-C3 unit linked to 
aromatic ring (Cowan 1999). They are synthesized by plants in response to 
microbial infection. In vitro they are effective antimicrobial substances 
against a wide array of microorganisms. Flavonoids are extensively 
characterized by broad-spectrum antimicrobial activity and the lack of 
resistance induction in target organisms. Their activity is due to their ability to 
complex with extra cellular and soluble proteins and to complex with 
bacterial cell walls. More lipophilic flavonoids may also disrupt microbial 
membrane (Tsuchiya et al.,1996). Catechin (6) is the most reduced form of 
the C3unit in flavonoid compounds and inhibit in vitro Vibiro cholerae, 
Streptococcus mutans and shigella the catechins inactivated toxins in V. 
cholerae and inhibited isolated bacteria glucosyltransferase in S. mutans.  
Flavonoids lacking hydroxyl group on their B-ring are more active against 
microorganisms, they tend to be more lipophilic compounds and more 
disruptive to the microbial membrane (Dahanukar et al., 2000) 
 O
OH
OH
HO
Catechin 6
OH
OH
              
 
1.1.5 Antimicrobial Activity of Isoflavonoids 
Isoflavonoids in particular act as effective phytoalexins which can be defined 
as small molecular weight antimicrobial compounds. The pterocarpans, 
isoflavone, isoflavan and isoflavonone (7) are extremely toxic to fungal 
pathogens. These flavonoids inhibit fungal spore germination, germ tube 
elongation and hyphae growth by causing damage to membrane systems. 
Isof lavonone 7
O
O
 
Other compounds such as Kievitone (8) and Phasseollin (9) isoflavonoids lead 
to mycelial leakage of hyphal tip protoplast (Kevin &Carolyn 2006).  
Isoflavonoids as natural products are potent fungal growth inhibitors used as 
fungicides. The antifungal compounds are deacylated in fungal cell to yield an 
active phenol that inhibits fungal growth (Cowan 1999). 
  
 Kievitone 8
O
U
OH
OH
HO
HO
H3C CH3
 
 
 
Phaseollin 9
O
O
OH
H3C CH3
HO
 
 
1.1.6 Antimicrobial Activity of Tannin 
Tannins are polymeric phenolic substances capable of tanning leather or 
precipitating gelatin from solution, a property known as astringency.  Their 
molecular weights range from 500 to 3000 daltons, and are found in any plant 
part (leaves, fruits, bark, root and wood) (Haslam 1996). They are divided to 
two groups; the hydrolysable and condensed tannins. The hydrolysable 
tannins are based on gallic acid usually as multiple esters with D-glucose; 
 while numerous condensed tannins (proanthocyanidins) are derived from 
flavonoids monomers. Tannins may form by condensation of flavan 
derivatives, which have been transported to woody tissues of plants (Haslam 
1996). Alternatively tannins may be formed by polymerization of quinine 
units. One of their molecular actions is to complex with protein through the 
non specific forces such as hydrogen bonding and by hydrophobic effects as 
well as by covalent bond formation. Tannins are able to inactivate microbial 
adhesions, enzymes and cell envelope transport proteins. They also form 
complexes with polysaccharides (Scalbert 1991). Tannins are toxic to 
filamentous fungi, yeast and bacteria. The condensed tannins usually bind to 
cell wall of ruminal bacteria preventing their growth and protease activity 
(Dahanukar et al., 2000) 
 
1.1.7 Antimicrobial Activity of Coumarins 
Coumarins are phenolic substances formed of fused benzene and α-pyrone 
rings. Coumarins are lactones of hydoxycinnamic acid with cyclic C6-C3   
skeletons, substituted with OH or OCH3 at C6 and C7. Coumarins have 
antimicrobial properties (Cowan 1999). In vitro, they inhibit Candida 
albicans. Unsubstituted coumarin occur as lactones oxygenated at C-7 and 
hence 7- hydroxyl or methoxy. Furano coumarin contains linear or angular 
types with substitution on benzene nucleus or in pyrone ring (Sujata et al.,  
2005). 
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 1.1.8 Antimicrobial Activity of Essential Oils and Terpenoids 
Essential oils are secondary metabolites that are highly enriched in 
compounds based on an isoprene ring. They are terpenes in nature produced 
in glandular hair, schizogenous canal, ducts cavities or oil glands in leaves or 
buds or sometimes oleoresins. Derivatives of essential oils are inhibitory to 
fungi and to some extent to bacteria (Jansen et al., 1987). Recently Stojkovic 
and his colleague have isolated α-pinene and turpentine oil from Pinus 
pinaster. These oils exhibited prominent bioactivity against Actinomadura 
madurae at MIC ranging 100-121µl for turpentine oil and MIC ranging 3.3-
5µl for α-pinene (Stojkovic et al., 2008). 
Terpenoids are diterpenes of C20 or triterpenes of C30or tetraterpenes of C40 
contain oxygen, are synthesized from acetate units. They contain extensive 
branching and are cyclizing. Terpenes are lipophilic compounds and are 
disruptive to cell membrane of microbes (Zsuzsanna et al., 2006). 
 
1.1.9 Antimicrobial Activity of Alkaloids 
Alkaloids are large, heterocyclic nitrogen compounds, produced in the leaves, 
seeds, or barks of the plant. They are derived from α- amino acids. 
Diterpenoidal alkaloids from butter cup plant are found to have antimicrobial 
activity .The mechanism of action is due to highly aromatic planar quaternary 
alkaloids such as berberine (11) and harmane (12). Harmanes and β-carboline 
skeleton, with the presence of 3-4 double bond activity is attributed to their 
ability to intercalate with DNA (Queton-Leclercg et al., 1995). 
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1.1.10 Antimicrobial Activity of Polypeptides and Lectins 
Peptides are often positively charged and contain disulfide bonds. They 
inhibit microorganisms by the formation of ion channels in the microbial 
membrane or by competitive inhibition of adhesion of microbial proteins to 
host polysaccharides receptors. Lectins are macromolecules, in which the 
proteins bind reversibly to specific mono- or oligosaccharides. They play a 
role in plant defense against organisms due to their agglutination behavior so 
sometimes are known as agglutinin (ability of carbohydrates binding proteins 
to agglutinate cells). Lectins are only plant protein capable of recognizing and 
binding glycoconjugates present on the surface of microorganisms (bacteria 
or fungi), (Willy & Els 1995)   
 
 
 
 1.1.11 Plant Products as Antimicrobial Agents 
People in all over the world use herbs as a source of food as well as for 
remedy of some diseases. In some African countries people used Vernonia 
amygdalina in treatment of seed born fungi, Aspergillus, Fusarium, 
Curvularia and Pencillium species (Schippers, 2000). Lepidium sativum 
(Cruciferae) in Sudan is used for rheumatic pains, diarrhea and dysentery 
(Evans, 1989). Hausa people use crushed seeds to dress sores of camel and 
horses. Also the seed used to treat tuberculosis, cold, bronchitis and ulcer. 
(Loutfy, 1983). Purslane Portulaca oleraceal, listed in WHO list is used 
besides its nutrient value as antiviral, antibacterial and antifungal against 
Aspergillus fumiates and C. albicans  due to its high oxalate content and 
alkaloids (Hoffman et al., 2004; Ji-Hyun 2004). Extracts from Kigelia species 
are used as purgative, to treat dysentery, wounds, ulcers and abscesses. K. 
africana root bark contained γ-sitosterol and tritriacontane (triterpenoids) 
(Khan & Mlungwana, 1999). Kigelinone (Naphthoquinone) from K. pinnata 
showed antibacterial activity against Staphylococcus spp and antifungal 
activity against Candida spp and Aspergillus flavus and A. niger (Binuta et 
al., 1996). The acetone and alcoholic extracts of Cassia alata showed 
significant in vitro antibacterial activity and antifungal activity to Aspergillus 
niger and C. albicans.  The juice of the fresh leaves of C .alata is used to treat 
eruptive and pustular skin condition and eye trouble. The leaves contain rhein, 
aloemodin and free Kaempferol (Khan,& Omoloso 2001). In Ghana the 
leaves extracts are used to treat skin fungal  disease caused by Trichophytan 
mentagrophytes and Eipdermophytan gloccosum. In West African countries 
leaves and pulped leaves of Cassia alata are used to treat mycosis and skin 
disease. In Nigeria fresh or dry leaves of C. tora are used to treat ulcers and 
 ring worm infections. The seeds of C. tora and C. occidentalis contain rhein, 
aloemodin and chrysophanol while the leaves of C. occidentalis contain 
Kaempferol with fungicidal action (Oliver-Bever, 1986). Capparis decidua, 
ash of the bark is used as haemostatic, astringent and disinfectant for wounds 
and sores.  The root and root bark contain triterpenes as β-sitsterol  and 
triacortanol, while the alcoholic extract of the twigs showed the presence of 
two alkaloids, one is stachydrine.  The volatile material of the flower and 
seeds contain organic sulphr compounds, with antifungal activity against 
Aspergillus flavus and C. albicans at MIC 50 µg/ml, and antibacterial effect 
against Vibro cholerae at MIC 25 µg/ml (Oliver-Bever, 1986).  Moringa 
oleifera Lamk (Moringaceae) is small to medium size tree. Various parts of 
the plant were used for sores, dysentery and pneumonia. Root part contains 
antibiotic constituents such as pterygospermine, athomine and spirochine 
which are benzo-quinone  molecules which showed broad spectrum 
antibacterial and antimycotic effects. They inhibit the growth of filamentous 
fungi. The seeds contain derivatives of benzyl-isocyanate which are 4,4’acetyl 
α-l-rhamony osyloxybenzyl isocyanate which have bactericidal action at 
56µmol/L against mycobacterium (Carcere et al., 1991).  Lawsonia inermis L 
(Lythraceae) leaves are used in the treatment of skin disease, leprosy, boil, 
burns and burning sensation in feet and as astringent, antiseptic for wounds. 
Leaves contain xanthones, naphthaquinone and lawsone (Yogisha et al., 
2002).  Azadriachta indica A. Jus (Meliaceae), tree which is widely 
distributed in Asia, Africa and other tropical parts of the world, traditionally 
used as anti-inflammatory, antimicrobial, antiviral ant malarial and 
anthelmintic. Each part of the plant is used in an indigenous system of 
medicine in treatment of a variety of human ailments particularly against 
diseases of bacterial and fungal origin (Xian-Dog et al., 2000). The leaves 
 contain diterpenoids, triterpenoids, poly phenolics, sulphurous compounds 
and polyacetate derivatives (Govindchari, & Masilamani 1999). Citrulus 
colocynthis L. Schard (Cucurbitaceae) known locally as Handal is used 
traditionally as purgative and anthelmemtic. The plant, dry or green, contains 
colocynth and cataplasm, which is used as remedy for leukaderma, while hot 
sap is used to cure skin diseases of camels (Al-Yahya et al., 2000). Solanum 
nigrum L (Solanaceae), is a medicinal plant used traditionally for febrifuge, 
anti-diarrhea and eye diseases (Shashidhara et al., 2001). Zizyphus spin-christi 
L (Rhamnaceae) is a tree with thorny branches and is used as hedges to form 
defensive fences for cattle. The fruits have sweet edible pulp, the leaves are 
applied locally to treat sores and the roots are used to cure and prevent skin 
diseases. The root bark infusion is traditionally used in North Nigeria as 
remedy against stomach pain (Adzu et al, 2001). Calotropis procera Ait 
(Asclepiadaceae) is a wild shrub which grows 1-2 m height. The dried latex 
and chloroform extract of root showed anti-inflammatory activity. Alcoholic 
extracts of different parts possess antimicrobial and spermicidal activity. The 
leaves extracts are used have antibacterial and larvicidal activity, while the 
flower extract is used as ant malarial. The latex extract has analgesic, 
antidiarrhoeal and wound healing property, while the root extract has 
estrogenic action (Jagaddish et al., 2002; Gallegos et al, 2002)   
        
1.2.1 Mycetoma Disease 
Mycetoma is a chronic granulomatous disease of subcutaneous and deep 
tissue. Progressive destruction of tissue leads to loss of function of the 
affected site. The foot is commonly affected so it called as Madura foot in 
reference to Indian village of Madura, where the disease was first diagnosed. 
The Mycetoma swelling is nodular and containing sinuses. Mucopus 
 containing small granules (colonies) is discharged through the sinuses which 
open on the surface of the skin (Gumaa, 1994). 
Mycetoma infection is worldwide distributed but more commonly in tropical 
and subtropical countries of Africa, the Middle East parts of Asia and South 
America. The area lies between latitude 15º South and 30º North of the 
equator, is called the mycetoma belt. The belt includes Sudan, Somalia, 
Senegal, India, Yemen, Mexico, Venezuela, Columbia, Argentina and other 
countries. In Africa mycetoma is most frequently seen in Sudan, Senegal, 
Mauritania, Kenya, Niger, Nigeria, Ethiopia, Chad, Cameron Djibouti and 
Somalia (Abdalla, 2003) The high incidences are commonly seen in the 
savanna region in which rainy season last for3-4 months,  with temperature of 
30ºC-37ºC and long dry and hot season of 8-9 months, 45ºC-60ºC and 
humidity of 12-18%. This favor the spore function (the dormant phase) 
(Mahgoub & Murry, 1973). The pathogens  found in the soil as saprophytes, 
are inoculated through the skin by minor cuts or scratches by thorn or splinter 
wounds. 
   
1.2.2 Mycetoma in Sudan  
Mycetoma is known in Sudan since the time of Mahdeya (1885-1899) or 
before that by its present common name of “Nebit” meaning growth (Balfour 
1904). Mycetoma infection is caused by true fungi (eumycetoma) or by higher 
bacteria of the class actinomycetes (Fahal &Hassan 1992; Mahgoub 1977). 
Eumycetoma, the fungal type caused by Madurella mycetomatis, is the 
commonest type and is found in71.1% of the patients. The pathogen produces 
black, hard and large grains of approximately 1mm in diameter (Suliman, 
1994). Other agents include member of Aspergillus nidules and A. flavus 
(Mahgoub 1973)     
 Eumycotic fungi are characterized by the cell wall consisting of 89-90% 
polysaccharides and remain protein and lipids. The skeletal material is spire 
oriented fibrils of chitin (a polymer of N-acetyl-glucose amine) cellulose 
(polymer of D-glucose or sometimes other glucans) (Evan, 1998). Most fungi 
reproduce by formation of various types of asexual spores. The spores may be 
produced in many different ways and their size, shape, colour and manner of 
production are of value in identifying the species. Filaments or hyphae are 
long branched structures produced when fungi are grown in solid media, 
produced a tangled mass of filament or mycelium penetrate deep in the media 
(vegetative mycelium), while some grow above the surface (aerial mycelium) 
(Evan, 1998). Because of the mycelial character of these colonies filamentous 
fungi strongly adhere to the media and not emulsify in water. The surface of 
the colony is either, warty, velvety or powdery or show cottony aerial 
mycelia. The fungal grains are found as a mass of hyphae embedded in 
intracellular cement, and the filaments are wider than one micron (Evan, 
1998). 
Actinomycetoma the bacterial type, is caused by different types of bacteria 
such as Actinomycetes which are gram positive bacteria with branching 
filaments, which sometimes develop into mycelia. They are soil saprophytes. 
branching gram positive bacteria are facultative anaerobic. They grow best 
under anaerobic or microaerophilic conditions (Grange, 1998). Within the 
diseased organ the bacteria form large masses of mycelia, embedded in 
anamorphous protein-polysaccharides matrix and surrounded by a zone of 
gram negative weakly acid fast club like structure. There are different 
organisms causing Actinomycetoma.  Actinomadura madurae comprises 
3.5% of the patients. It is aerobic, non-motile and non-sporing gram positive 
bacterium. The grains produced through the sinus are white yellow or pink 
 soft and irregular of less than 1mm in diameter (Suliman, 1994). 
Actinomadura pelletieri comprises 2.7% of the cases. It is aerobic, non-motile 
and non-sporing gram positive bacterium. The grains produced through the 
sinus are red, soft and irregular of less than 1mm in diameter. The other 
bacterium causing Actinomycetoma is Streptomyces somaliensis, which 
comprise 18% of the patients. It is saprophytic non-motile and aerobic gram 
positive bacteria. The granules produced through the sinuses are yellow-
brown hard and irregular up to 1.25mm in diameter (Suliman, 1994). The cell 
wall of Streptomyces contain 1-DAP2, 4-diaminopmelic acid and the cell wall 
have aerial mycelium with chain usually long non-motile conidia while 
Actinomadura has meso DAP.  The cell wall has short chain of conidia on the 
aerial mycelium (Krieg, 1984; Fahal, 2006). 
 
1.2.3 Mycetoma Treatment 
There is no 100% effective treatment for mycetoma. Drug quest on effective 
medical treatment was therefore actively perused. Actinomycetoma, is 
amenable to medical treatment using the various antibiotics and other 
therapeutic agents such as sluphanilamide, sulphadiazine and co-trimoxazole 
in combination with streptomycin sulphate (Fahal, 2006). The incidence of 
mycetoma in Sudan has not changed and around 400 new cases are seen in 
hospitals and outpatient clinics every year. Similarly, the outcome of surgical 
treatment alone has remained as a leader to 80% recurrence rate (Mahgoub, 
1994). For those patients, who come with extensive lesions and bone 
affection, the drug of choice is amikacine sulphate in combination with co-
trimoxazole. Amikacine sulphate is a bactericidal aminoglycoside with broad 
antibacterial spectrum. It inhibits the bacterial protein synthesis by interfering 
with bacterial 30S ribosomial sub-unit (Fahal, 2006). In many occasions, 
 patients are treated commonly for a long period of more than one year using 
high doses, as the microorganisms are locked in fibrous tissues. Medical 
treatment is given pre and post operatively as it facilitates surgery, accelerates 
healing and reduces the chance of relapse. The cure rate varied between 60-
90%. Recurrence is more common after an incomplete course of treatment as 
the organisms may develop drug resistance (Fahal, 2006). Local 
administration of mycetoma chemotherapeutic agents was used but with no 
impressive result. Treatment of eumycetoma infection is difficult and the rate 
of recurrence after surgery is high in spite of medical treatment in 
combination with surgery. Grains of M. mycetomatis were sensitive to 
ketoconazole, when tested in-vitro (Mahgoub & Gumaa, 1984). The difficulty 
of treatment of such fungi is attributed to the homogenous matrix of dense 
layer of the cement surrounding the grain and the maximum thickening of the 
cell wall at the periphery of the grains which are thought to prevent 
penetration of the drug and so increase the resistance of fungi (Alawai 2004)  
 
1.2.3 In Vitro Susceptibility of M. mycetomatis to treatments by a 
Modified NCCLS Method   
Adequate management of mycetoma infection requires prolonged antifungal 
treatment combined in many cases with extensive surgical treatment 
(Mahgoub, 1994). A number of antifungal agents are being used for the 
treatment of eumycetoma, with various degrees of success. Meager data is 
available for susceptibility of M. mycetomatis to plant secondary metabolites. 
Recently Van de Sande and her colleagues (2005) used tea tree oil and 
artemisinin in vitro. Using a modified method based on the National 
Committee of Clinical Laboratory Standards (NCCLS) guidelines (M38-A) 
 (National committee for Clinical Laboratory Standards 2002; Ahmed et al., 
2004; Van de Sande et al., 2005), found that M. mycetomatis was highly 
susceptible to tea tree oil at concentration below 0.25% (v/v), which resulted 
in full inhibition of fungal growth. This is due to the presences of less 
lipophilic constituents as terpinen-4-ol, which is an active antifungal agent 
able to penetrate the skin (Van de Sande et al., 2007).     
 
1.3 Immune Defense 
The immune system protects the body from attack by microbes and parasites. 
It uses specialized organ system designed to filtere out and respond to 
microbes entering the body tissues. The system can fail, giving rise to 
immunodeficiency or over react against foreign microbes causing tissue 
damage. It has complex mechanisms to regulate the production of the immune 
cells (Lydyard et al., 2001). The innate immune system is the first line of 
defense against infections. It works rapidly giving rise to acute inflammatory 
response and has some specificity for microbes. The immune cells are 
phagocyte cells, mast cells and natural killer cells. In contrast, the adaptive 
immune system takes longer to develop, is highly specific for antigens 
including those associated with microbes. The adaptive immune cells are 
lymphocyte cells of B and T cells. The adaptive and innate immune systems 
work together through direct cell contact and through interactions involving 
chemical mediators, cytokines and chemokines. Many of the cells of the 
innate immune system are the same cells used by the adaptive immune system 
(Lydyard et al., 2001).     
               
 
  1.3.1 Immunomodulation Properties 
Immunomodulation refers to any change in the immune response and may 
involve induction, expression, amplification or inhibition of any part or phase 
in the immune response. Stimulation of the immune response is highly 
desirable for the treatment of HIV immunodeficiency of infectious diseases 
on the other hand suppression of the immune system is required in the 
management and treatment of inflammation and allergic disease (Mesaik et 
al., 2004).   
The knowledge of the inter-related and multiple levels of interaction between 
various components of the immune system provide protection against the 
foreign invaders and pathological conditions. This has also led to the 
development of many drugs that modulate the host natural defense 
mechanism and restore impaired immune functions (Atal et al., 1986; Mesaik 
et al., 2004). Many therapeutic effects of plant extracts are mainly due to their 
influence on the immune system of human body.   
  
1.3.2 Oxidative Burst Activity 
Phagocytes are specialized eating cells, of two main types neutrophils and 
macrophages. Neutrophils are called polymorph nuclear cells (PMNs). They  
are granulated and mobile leukocytes which comprise the majority of the 
white blood cells. Polymorph nuclear neutrophils, monocytes and 
macrophages constitute an essential arm of host defense against bacterial or 
fungal infections (Lydyard et al., 2001).  
Phagocytosis is a major mechanism by which microbes are removed from the 
body and especially important for the defense against extra cellular microbes. 
The phagocyte process can be divided into several major stages; starting by 
 the movement of phagocytes towards inflammatory sites, by chemotatic 
signal (chemo taxis) followed by the attachment of particles to the cell surface 
of phagocytes through mannose sugar. Endocytosis of microbes result in the 
formation of phagosome by the invigilation of the surface membrane 
mechanism. The last stage is fusion of the phagosome with lysosome which 
lead to killing of the microbe. Oxygen dependent intracellular killing 
mechanism (oxidative burst) is the  formation of oxygen radical, while  
oxygen independent killing mechanism is the formation of meyloperoxidase 
and nitric oxide (Lydyard et al., 2001).   
Upon stimulation, granulocytes and monocytes produce reactive oxygen 
metabolites in cascade of events started with production of superoxides 
(superoxide ions, hydrogen peroxide, hypochlorous acid) which destroy 
bacteria inside the phagosome.  
In summary, phagocytosis and the subsequent digestion are a multi-step and 
multi-factorial process (Atal et al., 1986). The reactive oxygen will be either 
suppressed or stimulated the immune response. Stimulatory compounds could 
have opportunity of being immunomdulate or enhance of innate immune 
response. On the other hand, suppressing compounds can be used either as 
anti-inflammatory or immunosuppressive agents (Lydyard et al., 2001). 
 
1.3.3 Lymphocyte Cells 
The lymphocyte cells are responsible for the specificity and memory in 
adaptive immune response. They are produced in the primary lymphoid 
organs and function in the secondary lymphoid organs or tissues, where they 
recognize and respond to foreign antigens. Two types of lymphocyte cells are 
involved in the adaptive immune response, both T cells and B cells have 
similar morphology. They have specific but different antigen receptors and 
 other surface molecules necessary for interaction with other cells. B cells 
mature into plasma cells which produce and secrete antibodies (Lydyard et 
al., 2001). T lymphocyte cells migrate from the bone marrow and mature in 
the thymus where some mature into antigen specific T cell. They are 
produced in the primary lymphoid organs and function in the secondary 
lymphoid organs or tissues of the body to control intracellular microbes and to 
provide help for B cells (antibodies) responses. All T lymphocyte cells have 
antigen receptors and have characteristic markers as CD3, CD4 and CD8 
(monoclonal antibodies specific for characteristic molecules). T cells are 
classified into two different kinds; T helper cells (Th) provide help to B cells 
through direct cell surface signaling and by producing cytokines, which are 
critical to B cells growth and differentiation. T cytotoxic cells mediate killing 
of infected cells primarily those infected with virus (Koko, 2007; Lydyard, et 
al., 2001).             
 
1.3.3.1 T-Cells Proliferation 
Lymphocyte proliferation is based on their ability to interact with cells of both 
innate and adaptive immune response. T cell proliferation occurs throughout 
life in order to maintain an instant immune response. A fundamental property 
of the immune system is cellular proliferation that is required for most effect 
or functions of T cells (Koko, 2007; Lydyard, et al., 2001).  
Antigen-induced lymphocyte proliferation of mature cells in vivo does not 
normally occur in the blood and lymphatic ducts but, rather, in lymphoid 
tissues such as tonsil, lymph nodes, and spleen. It begins about 1-2 days 
following inoculation of antigen, and by 7 days lymph nodes may increase as 
much as 15 times of their normal size, reflecting a striking increase in 
lymphocyte size and number, as well as in lymphocyte ingress (Levine et al., 
 1998). Pathogens or antigens infecting peripheral sites are typically trapped in 
the lymph nodes directly downstream of the site of infection, leading to 
production  of cytokine induced by colony stimulating factor. Cytokines  are 
produced by many cell types in response to infection and act on the bone 
marrow stem cells, which stimulate proliferation and maturation of immune 
response cells (Funny et al., 2008).   
   
1.3.4 Immunological Changes in Mycetoma Disease 
Immunological studies of mycetoma have addressed more frequently humoral 
aspects. Few reports have addressed the role of cellular immunity in humans 
and experimental mycetoma pathogenesis (Mahgoub, 1977; Claudia et al., 
2003). The tissue reactions are much less frequent. Immune complex is 
deposited in actinomycotic grains as well as in surrounding inflammatory 
zones. Infection is characterized by the infiltration of large numbers of 
neutrophils at the site of infection. Polymorph nuclear leucocytes are the 
predominant cell type in the inflammatory infiltrate in the skin lesions.  
In eumycetoma, cellular immunity in the skin is related to a specialized 
lymphoid system. Apparently, neutrophils are important in the early defense 
against mycetoma, but are unable to clear the infection (Fahal et al., 1995). 
Neutrophils and monocytes are attracted to the site of infection, either by 
secreted antigens, by the invading microorganism or by locally produced host 
chemokines such as IL-8 (CXCL8), MCP-1, and TNF-. In mycetoma it has 
previously been shown that neutrophils are actively attracted by antigens 
secreted by M. mycetomatis in a complement-dependent manner. Normally, 
when neutrophils arrive at the site of infection they will eliminate the 
pathogen by phagocytosis. To ingest pathogens, neutrophils are equipped to 
directly recognize either, molecules on the surface of invading microbes or 
 their opsonization with serum host proteins including complement factors, 
mannose binding lectin (MBL) or antibodies. An example of such receptor is 
complement receptor 1 (CR1), which is also the determinant for the Swain-
Langley (Sl) blood group Ag and the McCoy (McC) blood group Ag.  After 
pathogen recognition, reactive oxygen species including hydrogen peroxide, 
superoxide, and NO are formed, which effectively kill ingested 
microorganisms (Van de Sandy et al., 2007). When a fungus enters the body 
the innate immune system will be activated and complement is activated via 
the alternative and lectin binding pathways by the binding of C3 and MBL, 
respectively, to the fungal surface. Both pathways lead to the formation of the 
opsonin C3b on the fungal surface, which is recognized by the complement 
receptor CR1 expressed by macrophages and neutrophils. MBL is also 
recognized by this receptor.  Macrophages, which are present in normal 
tissue, will release a number of cytokines to kill the invading pathogen and 
attract more monocytes and neutrophils from the bloodstream to the site of 
infection. Monocytes are attracted by the macrophage chemo attractant 
protein MCP-1 which will mature into macrophages in the tissue. Neutrophils 
are attracted by IL-8 (CXCL8). which is recognized by neutrophils via the 
receptors CXCR1 and CXCR2? Both chemokines also activate their target 
cells, in particular CXCL8 and TNF-, which activate neutrophils to generate 
among others NO via NOS2. TSP-4 is secreted by endothelial cells to 
stimulate the production of oxygen radicals and the excretion of CXCL8 (Van 
de Sandy 2007).  
Neutrophils are attracted to the site of infection. Around the fungal grain two 
main types of inflammatory reactions can be observed. The first is the type I 
reaction, where M. mycetomatis grains are surrounded by a large zone of 
neutrophils surrounding the grain embedded in cement material and an outer 
 vascular zone. The second reaction is characterized by the presence of 
histiocytes and multinucleated giant cells and a small number of neutrophils. 
Type II inflammation reaction in which the neutrophil zone is absent and is 
replaced by histiocytes and multinucleated giant cells (El-Hassan et al., 
1994). 
 
1.4 Some Sudanese Plant used in the present Study  
1.4.1 Acacia nilotica (L.) Wild 
Vernacular name : Garad 
Family : Mimosaceae 
Tree up to 20 m high, it grows in low land and plains. Various flavonoids and 
phenolic compounds were isolated from the flowers whereas tannins, gallic 
acids and α-digallic acids were isolated from the pods. Quercetin and 
saponins were isolated from the bark (El Ghazali, et al., 1987).  A. nilotica is 
known for high amounts of tannins, falvonoides, polysaccharides, and organic 
acids. The plant extracts were found to exhibit antidiarrhoeal, antibacterial, 
and ant malarial activities (Mustafa et al,  1999).   
Water extract of the bark is taken for diarrhoea and dysentery. The pods are 
used for cough and as gargle for tonsillitis (El Ghazali, et al., 1987).   
 
1.4.2 Calotropis procera (Ait.) 
Vernacular name : Usher 
Family : Ascalepiadaceae 
Ashy woody shrubs up to3m high, it grows in low land, plains and water 
catchment areas. Latex is used locally against scorpion bites and root water 
extract is used  for jaundice (El Ghazali, et al., 1987). 
 1.4.3 Capparis decidua (Forsk.) 
Vernacular name : Tundub 
Family : Capperidaceae 
Glabrous much-branched shrubs up to 3m high, it grows in low land and 
plains. The water extract of the stem is used for jaundice and poultice from 
stem is used for swelling and joint pain (El Ghazali, et al., 1987).   
 
1.4.4 Cassia alata Linn. 
Vernacular name : Nawama 
Family : Fabaceae 
Coarse, annual, erect shrub of 1.5-2 m high, it grows near water lands. 
Traditionally it is used as laxative and antifungal against ring worm (Khan,& 
Omoloso 2001).     
        
1.4.5 Cassia occidentalis Linn. 
Vernacular name : Snake poisonous 
Family : Fabaceae 
Small tree of 5-8 m high, erect, annual plant. It grows in water catchment 
areas. The plant is traditionally used for abscesses, dysentery, bronchitis, 
edema and skin diseases. The seeds are used as purgative, blood tonic and 
diuretic, and also useful in cough and convulsion (Oliver-Bever, 1986). 
  
1.4.6 Citrulus colocynthis L. Schard 
Vernacular name : Hundal 
Family : Cucurbitaceae 
 Scabrid annual trailing herb up to 1 m long. It contains flavonoids and 
alkaloids. The poultice from root is used to treat swellings. The seeds are 
taken for gonorrhoea and antidiabetic, where the plups are used as drastic 
purgative (El Ghazali, et al., 1997). 
 
1.4.7 Cordia sinensis lam. 
Vernacular name : Andrab 
Family : Boraginaceae 
Scabrid much branched, small tree up to 3 m high. It contains pyrrolizidine 
alkaloids, flavonoids and sterols. The root and stem bark traditionally, are 
used to enhance wound healing (El Ghazali, et al., 1997). 
 
1.4.8 Datura stramonium Linn. 
Vernacular name : thorny apple  or sakaran 
Family : Solanaceae 
Annual herb of 1.5 m high, it grows in water catchment areas and low land 
plains. It contains alkaloids of solanine and solanidine type. Traditionally is 
used as antispasmodic, anodyne and narcotic (Evans 1989; El Ghazali, et al., 
1997 El Ghazali, et al., 2003). 
 
1.4.9 Euphorbia heterophylla Linn. 
Vernacular name :  Malbeina or UmLibina 
Family : Euphorbiaceae 
Erect annual herb of 40-100 cm height, it grows in semi humid places. The 
plant contains flavonoids as quercetin, which has antibacterial activity. The 
 plant is traditionally used as purgative and decoction from leaves is used for 
respiratory infection and asthma (Falodun et al.,2006).    
 
1.4.10 Grewia villosa Wild. 
Vernacular name : ElTiko or Mutraq 
Family : Tiliaceae 
Tomentose grey shrubs up to 3 m high, it grows in low land, plains and rocky 
hill slopes. The root part contains alkaloids of harmane type. The water 
extract of the leaves is used for skin tuberculosis (ElGazali et al., 1987). 
  
1.4.11 Lawsonia inermis L. 
Vernacular name : Henna 
Family : Lythraceae 
Shrub up to 2 m high. Leaves have red orange dye (lawsone). The leaves are 
traditionally used against skin diseases, stringent and as gargle for sore throat 
(Evans 1989; Mohammed 1996a).  
 
1.4.12 Lepidium sativum Husk. 
Vernacular name : Al-Rashad, Garden cress  
Family : Cruciferae 
Spread perennial or annual herb of 25-50 cm height. The seeds contain 
alkaloids as glucotropaeloin, mucilaginous matter and uric acid. Leaves are 
used as diuretic, antiscorbutic and stimulant. Root is used in secondary 
syphilis and seeds are galactgogue, tonic, and active expectorant, pulmonary 
stimulant and heal scrofulous ulcers (Loutfy 1983). 
 
 1.4.13 Moringa oleifera Lam.  
 Vernacular name : Ben nut tree, Al-Rwag 
Family : Moringaceae   
Slender tree up to 7 m high, it grows in semi arid land (Hamza 1991). Various 
parts of the plant were used for sores, dysentery and pneumonia. Root part 
contains benzo-quinone constituents such as pterygospermine, athomine and 
spirochine which are (Carcere et al., 1991). 
   
1.4.14 Nymphaea lotus L. 
Vernacular name : Suteib, Bangeiga 
Family : Nymphaceae 
Aquatic pubescent herbs with submerged prostrate rhizomes. No 
phytochemical reports in the plant. The root is used for dysentery and as 
fumigant for rheumatism (ElGazali et al., 1997). 
  
1.4.15 Ocimum citrodorumL. 
Vernacular name : Rehan Algroof, Lemon Basil 
Family : Lamiaceae 
Is a hybrid of Ocimum basilicum, pubescent erect annual herb up to 30 cm 
high fragrant lemon scent.  It grows near cultivation places. 
It contains volatile oils, sesquiterpenes, vitamin K and β-carotene. The oils 
used as cosmetic, flavouring and has insecticidal effect against mosquitoes 
 (Loutfy 1983). 
 
 1.4.16 Polygonum glabrum Wild. 
Vernacular name : Alsfsaf, Al-Toumsahia  
 Family : Polygonaceae 
Wild semi aquatic, annual herb with glabrous erect stem of 70-100 cm height.  
It grows in water catchment and near river bank. Several flavonoids and 
sesquiterpenes were isolated from the plant. The leaves extract has 
anthelmintic activity and remedy against intestinal colics (Mohammed 1996b)   
 
1.4.17 Solanum nigrum Linn. 
Vernacular name : Bear Grape 
Family : Solanaceae 
Herb or under shrub 30-60 cm high, it grows as weed in waste land, old fields. 
The plant contains alkaloids as solanine. Fruits are chewed to treat stomach 
ulcers and abdominal upsets. Leaves powder is used to treat boils, ulcer and 
swollen glands. Poultice is used as sedative and anticonvulsant and decoction 
for external use (Kokwaro 1976).     
 
1.5 Family Fabaceae 
This family, compris about 650 genera and around 18000 species, widely 
distributed over the world. It comprises trees, shrubs and a few perennial 
herbs. Fabaceae is characterized by bipinnate leaves, which are composed of 
long and narrow oppositely arranged leaflets. The receptacle is usually 
expanded, ovary single superior 1or 2 or several ovulated carpels, fruit 
dehiscent into two valves, seeds with or without scanty endosperm, leaflets 
pair glabrous, flower yellowish in spiciform (Hedbage & Edwards, 1988). 
The family is of great economic importance containing beside the pulse crops, 
many species used for forage pasture improvement, charcoal production, 
timber, gums, medicine and ornaments. The ability of most members of the 
 family to form association with symbiotic bacteria which fix atmospheric 
nitrogen contributes greatly to improve soil fertility (Hedbage & Edwards, 
1988).  
 
1.5.1 Sub Family Mimosoideae  
Trees, shrubs, or herbs often prickly or spiny leaves bipinnate or simply 
pinnate or modified to phyllodes or absent. Flowers regular small arranged in 
spikes, racemes or heads. Sepals valvate usually basally united into a tube 
rarely free petals (3) (5) or (16) valvate as bud, basally united into a tube. 
Rarely free stamens 4-10 as many as or twice as many as the petals or 
numerous free or adnate below to corolla. The filament united below into a 
tube usually excreted, anthers dehiscing length wise, sometimes with an 
apical gland pods. Various seeds generally with areoles, which normally has 
discontinuous margins (open), radical straight (Hedbage & Edwards, 1988). 
 
1.5.2 Genus Prosopis      
Genus Prosopis comprises of 44 different species mainly of American and a 
few of Asian and African origin. They grow in arid and semi arid areas of 
North and South America, Australia, North and Eastern Africa.  According to 
Simpson (1977) three species are naturally occurring in Asia with one 
extending into northern Africa and only one is native to Africa (Abdel-Bari 
1986).    
Prosopis L is characterized by bipinnate leaves, rarely reduced or absent 
leaflets few or may pair. Flower in spikes spiciform, greenish white, small 
subsessile, racemes or heads, bisexual calyx 5-lobed petals, free or united 
below. Stamens are 10. Pods straight curved or spirally coiled woody or 
 zcariaccous sub cylindrical may or may not be compressed internally septate 
between the seeds indehiscent. (Brenan, 1959). 
This is commonly named as Mesquite which bears variety of highly beneficial 
characters. It serves as a source of food, wood and even medicine. Mesquite 
grows as shrub or small trees with smooth brown bark that roughens with age. 
The wood has outside layer of yellow sap wood with interior reddish brown 
wood. The branches bear spines single and paired (Obied, 1995).  
 
1.5.3 Prosopis chilensis (Molino) Stuntz Species 
Known as Chilean mesquite, the home land of this plant is Chile and Central 
South America. In Sudan, the tree was introduced by forestry department to 
combat desertification (Abdel-Bari 1986). It is a deciduous Savanna tree up to 
10m high, treetop rounded, and branch lets flexuous, knotty. The tree is armed 
or unarmed with prickles or straight stout, persistent stipular spines. Spines on 
strong shoots axillary, geminate, uninodal hard, conic-subulate, up to 6 cm 
long. Leaves are deciduous, glabrous, uni-to bi- or trijugate, elongate, but 
giving only slight shade, mostly fasciled, petiole (rachis when extant 
included) 1.5-12 cm long, pinnae 8-24.5 cm long (Abdel-Bari 1986). Leaflets 
are 10 to 29 pairs per pinna, long-linear and distant on the rachis (4-12 mm 
apart), glabrous leaflet throughout or with some cilias on the margins at base 
(1.1-5.4 cm long x 1.1-3 mm broad). They are pale green, nearly enervate or 
only the costa prominent, but not of a different colour. Racemes spiciform 
densiflorous 7-12 cm long. Flower is greenish- white to yellowish 250 per 
raceme, calyx 1mm, petals 3mm long, villous within, stamens 5-6 mm long, 
ovary pubescent.  Legume is linear, compressed, with parallel margins straw 
yellow, stripitae and acuminate, nearly straight, thick, mesocarp sugary, 
edible, endocarp segments transverse rectangular, broader than long, 
 subcoriaceous, easy to open numbering 20to 32 seeds ovoid, compressed, 
brown 6-7 mm long, as in figure 1 (James, 1983). 
 
Figure 1. Prosopis chilensis tree and branches with leaflet (Region et al., 2006) 
 
1.5.4 Habitat of Mesquite 
Mesquite is found in plains canyons and hill side, below altitude 5,500 feet. It 
can grow in nearly any soil type including saline and high alkalinity soils. 
Though extremely drought tolerant, it tends to grow in areas near 
watercourses such as desert washes, streams, arroyos and creeks. Areas with 
ground water are favored by mesquite for their constant supplies of water 
which mesquite reach with its tap roots that extend into the ground as much as 
75 feet. In addition to the extremely long tap roots, mesquite mange to survive 
in dry condition by soaking rain water up through lateral roots that extend in 
all directions (Brenan, 1959; Abdel-Bari 1986). In Sudan Prosopis chilensis is 
naturalized and spread in most areas of west and central Sudan. The tree 
grows well in the prevailing conditions and is considered as useful plant 
(Obied, 1995).   
 1.5.5 Medicinal Uses of the Genus Prosopis 
The medicinal properties of the mesquite are well known and utilized by 
many native tribes throughout South West United State and North Mexico; 
commonly is used to treat eye condition, open wounds and dermatological 
aliments. Mesquite is also used to treat digestive problems acting as anti-acid. 
The aqueous extract has soothing, astringent and antiseptic properties (Gibson 
et al., 2001). The branches, stems and inner yellow bark extracts are used as 
purgative and extract from the stem is used to treat fever. The bark, is used for 
bladder infection, measles or fever. Bark from P. spicigera is used as remedy 
in rheumatism and scorpion sting (Gazi 1987). Mesquite pods are used to 
make eye washes. The poultice from pods is applied to a sore throat or as a 
drink taken for animal stings (Gibson et al., 2001). The gum exuded from the 
trunk is used for eye wash, infection and irritation. It is also to treat sores, 
wounds, burns, chapped fingers and lips and sun burn, the gum is taken for 
diarrhea, stomach inflammation and system cleaning or to settle the intestines. 
The mesquite gum is also used as treatment for lice, sore throat, cough, 
laryngitis, fever reduction, hemorrhoids and as purgative (Gibson et al., 
2001). The leave is also used for eye wash, headaches painful and bladder 
infection. A poultice of leaves is used for red ant stings and serve as an emetic 
or alimentary system cleanser (Gibson et al., 2001)  Infusion of boiling leaves 
of Prosopis africana is taken orally for the treatment of rheumatism and 
topically for open skin sores (Gazi, 1987). Macerated  leaves, of  P. africana 
activate hormones and is considered effective against male sterility (Gazi, 
1987).          
 
 
 1.6 The Biological and Antimicrobial Activity of Genus Prosopis 
The first alkaloid isolated from P. ruscifolia is Vinaline which showed 
antibacterial and antifungal activity (Gazi, 1987). 
Juliflorine (13) and a benzene insoluble alkaloidal fraction obtained from 
Prosopis juliflora were tested against Trichophyton mentagrophytes infection, 
using in vivo anti-dermatophytic test in rabbits. 
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Topical application of juliflorine (13) at concentration of 0.5%, 1% and 2.5% 
were found to heal 25%, 50% and 75% of dermatophytic lesions in three 
weeks respectively.  Benzene insoluble alkaloidal fraction was found to be 
comparatively more effective than juliflorine (13) (Aqeel et al., 1997). 
Juliflorine (13), julifloricine (14) and benzene insoluble alkaloidal fraction of 
Prosopis juliflora, possess antimicrobial activity, when tested in vitro for their 
microbial toxicity to Pseudomonas fluorescens and  P. fluorescens. The 
alkaloidal fraction has strong antibacterial activity due to synergistic effect 
(Aqueel et al,, 1995). 
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A mixture of alkaloids containing mainly juliprosine (15) and juliprosopine 
(16) isolated from P. juliflora was tested for its antifungal activity against the 
dermatophytes Aspergillus and Candida species and compared with 
griseofulvin and econazole.  Econazole was the most active compound, but 
the alkaloid mixture was more effective than griseofulvin against 
Trichophyton violaceum, Microsporum ferrugineum, Allescheria boydii, and 
Aspergillus species and equally effective against Trichophyton semii and 
Trichophyton tonsurans (Aqueel et al., 1989a).  
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The alkaloidal fraction isolated from P. juliflora showed a broad spectrum 
bactericidal action against both gram positive and gram negative bacteria. 
(Aqueel et al., 1989b). 
 
 N
H
N
H
H3C
CH3
HO
OH
N
H
Juliprosopine 16  
 
The alkaloidal fraction also showed fungicidal activity and the low MICs 
revealed the potent antimicrobial properties of the alkaloidal fraction 
(Kanthasamy et al., 1989).  
Antimicrobial activity of julifloricine (14) was tested in vitro against 40 
microorganisms which included 31 bacteria, two Candida species, five 
dermatophytic fungi, and two viruses.  Significant inhibitory effect was noted 
against gram positive bacteria. The MICs for Staphylococcus aureus, 
Staphylococcus epidermidis, Staphylococcus citreus, Streptococcus 
pyrogenes, and Sarcina lutea was 1 µg/ml and against Streptococcus faecalis, 
Streptococcus pneumoniae, Streptococcus lactis, Corynebacterium 
diphtheriae, Corynebacteium hofmanni, and Bacillus subtilis 5 µg/ml (Aqueel 
et al., 1989b). The inhibitory effect of julifloricine (14) on gram negative 
bacteria, such as Salmonella, Shigella, Klebsiella, Proteus, Pseudomonas, and 
Enterobacter, Aeromonas, and Vibrio cholera was insignificant. Julifloricine 
(14) showed higher effect than miconazole against Candida tropicalis and 
was equal against Candida albicans.  It was less effective than econazole 
against both C. albicans and C. tropicalis.  Julifloricine (14) was not lethal to 
mice at doses of ≤1000 µg/25 g (Ahmad et al., 1989).  
Juliflorine (13) alkaloid was tested in vitro against 6 gram positive and 10 
gram negative bacteria and was found to be effective against Streptococcus 
 pyrogenes, Staphylococcus aureus, Corynebacterium diphtheriae mitis, C. 
hofmanni, and Bacillus subtilis.  On the other hand Streptococcus faecalis was 
resistant to all the antibiotics used except for ampicillin and Juliflorine (13) 
(Aqueel et al., 1986).  
Juliflorine (13), was also tested for its antifungal activity against the freshly 
isolated cultures of dermatophytic fungi. The minimum inhibitory 
concentration (MIC) of juliflorine (13) against Trichophyton rubrum, 
Trichophyton violaceum, Trichophyton mentagrophytes, Trichophyton 
tonsurans, Trichophyton megninii, Trichophyton gallinae, Microsporum 
canis, Microsporum nanum, Microsporum ferrugineum and Epidermophyton 
floccosum was 1.5 µg/ml, whereas that of griseofulvin was 0.1-0.5 µg/ml.  
MIC of juliflorine (13) for Candida albicans was 0.05 mg/ml (Aqueel  et al., 
1986).  
Tryptamine (17) isolated from P.glanduloda has anti amebic activity (Gibson 
et al., 2001)  
The extracts from the aerial parts of five Argentinian Prosopis species and the 
exudates of  P. flexuosa showed DNA binding effect.  The alkaloids 
tryptamine (17), piperidine (18) and phenethylamine (19) derivatives were 
isolated from the basic extracts.  The crude alcoholic and alkaloid extract at 
concentration 0.50 mg/ml, showed DNA binding activities. Tryptamine (17) 
displayed an effect of 28% , phenethylamine (19) 27%. The effect was 47-
54% for the piperidine derivatives which represented higher DNA-damaging 
activity (Tapia et al., 2000).   
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Tryptamine (17) and 2,4-β-dimethyl-3-β-hydroxy-6-β-piperidine-dodecanol 
(20) showed a moderate inhibition (27-32%) of the enzyme β-glucosidase at 
100 µg/ml.  The exudates of P. flexuosa displayed a strong free radical 
scavenger effect in the DPPH discoloration assay. The main active constituent 
was identified as catechin (6) (Tapia et al., 2000).  The alkaloids β-
phenethylamine (19) and tryptamine (17) were isolated from P. chilensis, and 
phenethylamine (19) was detected in P. tamarugo. Both compounds showed 
DNA binding activity at 0.50 mg/ml with values of 18.5% and 11% 
respectively.  The exudates of P. alba showed a strong free radical scavenging 
effect. The activity was related with the total phenolic content, consisting 
mainly of catechin (6) (Astudillo et al., 2000). 
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1.7 Chemical Constituents of Genus Prosopis 
Prosopis species are characterized by the presence of alkaloids, gums and 
phenolic compounds. 
  
1.7.1 Alkaloids   
Alkaloids are large, hetero-genus group of basic nitrogen containing 
molecules produced in the leaves, seeds, or bark of some plants. They exist as 
nitrogenous compounds with acid salt in plants as free-state, may form 
crystalline salts with acids or as amine or alkaloid N-oxides (Richard &Karen, 
1984). They are generally bitter in taste, optically active and sparingly soluble 
in water and soluble in some organic solvents (Evans, 1989; Mohammed Ali 
2005).  
The alkaloids have a wide range of physiological activities in the plant, which 
include the growth regulator agents for ionic balance, nitrogen storage 
compounds and feeding inhibitors or toxicant for herbivores. Alkaloids also 
protect plant tissues from damage due to the reactive oxygen species such as 
oxygen singlet 1O2 like chlorophyll and flavins, tryptophan which  are 
metabolic products, may involve in 1O2 generation in plant tissue. Lipids 
membrane, contain un-saturated carbon can react rapidly with 1O2 affording 
peroxide and other oxidized derivatives. Several alkaloid drugs show potency 
of inhibition of lipid peroxidation function in vitro system. Some amino acids 
 as histidine, tryptophan and methionine are rapidly destroyed by 1O2 in 
solution or in protein (Richard & Karen, 1984).   
Alkaloids are classified into three categories :- 
True alkaloids have nitrogen atom as part of heterocyclic system derived from 
amino acids. They have complex molecular structure; they are toxic and show 
wide range of physiological activities. Proto-alkaloids are simple amines in 
which the amino acid nitrogen is not heterocyclic ring. Pseudo alkaloids are 
not derived from amino acids as a precursor, but are basic in nature as 
steroidal alkaloids (Mohammed Ali, 2005).  
 
1.7.1.1 Piperidine Alkaloids 
Piperidine alkaloids occur widely in plants as well as in animal kingdom and 
result from reduction of pyridine. The nitrogen atom is found in six member 
rings. The structure is based on nitrogen hetero-cycle (at any oxidation level) 
rings which are highly toxic. They originate from lysine amino acids and 
result in series of compounds bearing (CH2)n side chain at position C2 and C6 
respectively. This phenomena is found in Cassia and Prosopis species. These 
alkaloids differ in the stereochemistry and oxygenation pattern of their side 
chain (Strunz and Findlay 1985; Richard & Herbat, 1989). 
The genus Prosopis (mesquite) is known to contain 2,6 disubstituted 
piperidin-3ol alkaloid series, such as prosopine (22) and prospinine (23) from 
Prosopis africana which act on the central and autonomic nervous system and 
have antibiotic action (James, 1983; Gibson et al., 2001). Alkaloids isolated 
from the genus Prosopis have long aliphatic chain at C6 and some of them are 
dimeric (Strunz & Findlay, 1985).  
Alkaloids mainly of piperidine derivatives, have hydroxyl-methyl group at C-
2 and hydroxyl group at C-3 and long alkyl chain bearing hydroxyl and 
 carbonyl group at C-6; while spicigerin (21)  has methyl group at C-2 of 
piperidine ring (Strunz & Findlay, 1985). 
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These alkaloids are identified from the different parts of the plants as P. 
africana leaves contained prosopine (22) and prosopinine (23) which showed 
antibiotic action, while the root and stem contained isoprosopinine A (24) and 
isoprosopinine B (25) (Rizk & Al–Nowhi, 1989). 
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The piperidine alkaloid N-methyljulifloridine (33) was identified in the 
methanolic extract of P. juliflora leaves (Ahmed & Sultana, 1991). 
 Juliflorine (13) and juliprosopine (16) are identical, were isolated from the 
leaves of P. juliflora (Ahmed et al., 1989).  
 
1.22.2 Flavonoids 
Several flavonoids, including both O– and C– glycosides were isolated from 
Prosopis species. Apigenin and quercetin were isolated from P. glanulosa. 
They possess antibacterial, antiviral, antiallergenic, antidermatitic and anti-
inflammatory activity (Gibson et al., 2004). From  P.spicigera several 
flavonoids were isolated from the flowers, including quercetin 3-methyl ether 
(34), luteolin, rutin and prosogerins A (35) which is 6-methoxy-7-hydroxy-
3',4'methylene dioxyflavone. Prosogerin B (36) is 2',4'-dihydroxy-5-methoxy-
3,4-methylenedioxychalkone (Bhardwaj, et al., 1979). Other flavones  
isolated from the seeds are prosogerin C (37) 6,7,3'5' tetramethoxyflavone, 
prosogerin D (38) which is 6,3',4',5'-tetramethoxy-7-hydroxyflavone and 
Prosogerin E (39) which is 6,7- dihydroxy-3',4',5'-trimethoxy flavone (Rizk 
and Al–Nowaihi, 1989; Bhardwaj, et al., 1980).  
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Patulitrin 3,5,6,3',4'-pentamethoxy-7-hydroxyflovone (40) which is present in 
the flower and in the fruit of P. juliflora (Binzia, 1992).  
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Kaempferol 4'-methylether 3-O-β-galactopyranoside  (41) was isolated from 
the stem bark of P. juliflora . Rutinoside 7-O-neohesperidoside was isolated 
from the root. 3',4-dihydroxy5-methoxy-6-methylflavone 7-O-β-D-
glucopyranoside (42). and 7,4'-dimethoxy-6,8-dimethyflavanone5-O-β-D-
galactopyranoside (43) were isolated from the root (Rizk and Al–Nowaihi 
1989; Binzia 1992).             
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3',4'-dihydroxy5-methoxy-6-methylflavone7-O-β-D-glucopyranoside 42 
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7,4'-dimethoxy-6,8-dimethyflavanone5-O-β-D-galactopyranoside 43 
 
 
 
 1.7.3 Cyclic Hydrocarbons 
Prosopdione (44) is a monocyclic diketone was isolated from the leaves of P. 
juliflora (Ahmed & Sultan 1989) d Secojuliprosopinal (45) (Nakano et al., 
2004)   
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The heart wood of P. kuntzei, n-hexane extract contained 3,4-
dimethoxybergione (46) and 3,4-dimethoxybergquinol (47) (Rizk and Al–
Nowaihi 1989)                                        
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1.7.4 Lipids and Sterols 
Lipids sterol glycoside and sterol composed of cholesterol, campesterol, sito-
sterol and stigmasterol. The hydrocarbon fraction contained hentriacontane, 
octacosan-1-ol and triacontan-1-ol (Ahmed & Sultan 1991). 
The flowers of P. glandulosa contained prosopol, prosopenol, oleanolic acid 
and β-sitosterol. The stem contained oleanolic acid, ursolic acid and a series 
of higher aliphatic β-sito-sterol and D(+) pinitol (James, 1983). 
Vitamin K1, n-octacosyl acetate, n-hexacosanoic acid, n-octacosanoic acid, 
and sugars were isolated from P. spicigera stem bark (Swami et al., 1989). 
The seed oil of P. africana is composed of low molecular weight fatty acids 
such as capric and luaric acid and saturated palmitic acid and high quantity of 
linoleic acid. 3',4',7,8-tetrahydroxyflavan-3-ol[(+)-mesquitol], is the 
predominant metabolite in the heartwood of Prosopis glandulosa, (Young et 
al., 1986).   
 
 1.7.5 Tannins 
Green pods of P. juliflora contained ellagic acid glycoside, kaempferol, 
leucocyanidin-3-O-β-D-glucopyranoside and leucodeplphinidin-3-O-β-D-
glucopyranosyl (Gazi 1987). The root contained tannin 4,4'-dimethoxy3,3'5,5' 
tetrahydroxy diphenic acid, 1,3 glucose ester (48).3.3'-di-O-methyellagic acid 
4-O-α-Lrhamnopyranoside, 3,3',5,5'-tetrahydroxy4,4'-dimethoxydiphenic acid 
 (49) and procyanidin (50). 
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3,3',5,5'-tetrahydroxy4,4'-dimethoxydiphenic acid 49 
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 1.8 Chemical Constituents Isolated From P. Chilensis   
Five apigenin-based C-glycosylflavones were isolated from the leaves and 
pods of  Prosopis chilensis and identified as vicenin-1 , 6"-O-acetylvicenin-1, 
vicenin-2, vitexin (51) and isovitexin (52).  6"-O-acetylvicenin-1 is a new 
acylated di-C-glycosylflavone, in the genus Prosopis (Elrady & Saad, 1994). 
Other flavonol as querctin 3-methylether, quercitin3-rhamnoside,querctin3-
rutinoside, luteolin and kaempferol3-methylether were also isolated from the 
leaves (James, 1983). The ground beans contained 10-12% water, 4-6% fibre, 
1-4.3% protein and55-65% carbohydrates (44% sugar, 11% starch and 
cellulose) and high quantity of calcium. The seeds contained small quantity of 
saponins. Bark and root contained tannins (James 2004). 
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β-Phenethylamine (17) tryptamine (15) were isolated from the aerial part, 
they have DNA binding and β-glucosidase inhibition activity (Tapia et al., 
2000). 
The polysaccharide extracted from Prosopis chilensis seeds is composed of 
galactose and mannose.  (Matsuhiro et al., 2006).  
 
 
  1.9 Study Objectives  
The difficulty in treatment of mycetoma cases with varying response to 
medical therapy motivated a look for new remedy among plant secondary 
metabolites. The main objective, of this studies is to select some plant species 
indigenous in Sudan, with known antibacterial and antifungal activity or 
traditionally used as antibiotics and test their antimicrobial activity against 
mycetoma pathogens.  
1- To prepare different extracts from Prosopis chilensis leaves, bark and root( 
most potent plant); as well as fractions and some pure compounds and test 
their susceptibility against Madurella mycetomatis using NCCLS modified 
method.  
2- To screen for the antimicrobial activity of different plants extracts 
(different parts as leaves bark etc) using agar diffusion method.   
3- To isolate various compounds from Prosopis chilensis leaves, bark and 
root and to attempt to elucidate their chemical structure by modern 
spectroscopic techniques.  
4- To investigate the chemilumenscence property and the lymphocyte 
proliferative activity of the methanolic extracts of Prosopis chilensis leaves, 
bark and root, and two isolated compounds  by using different pathways. 
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3. RESULTS 
Naturally occurring metabolites are used therapeutically to be effective to kill or 
inhibit the growth microorganisms without harming or complete nontoxic to the 
host cells, however, show sufficient selective toxicity to be of value in treatment of 
microbial diseases (Mesaik et al., 2004). Mycetoma is one of the neglected 
diseases, which is ignored y public health authorities and remained difficult to 
treat. Recurrence is more common after an incomplete course of treatment as the 
organisms may develop drug resistance (Fahal, 2006). The high current cost of 
chemotherapeutic agent, beside their toxicity and high recurrency rate lead to look 
for alternative treatment in natural secondary metabolites. Various plant extracts 
were tested in vitro for their antimicrobial activity against three mycetoma 
organisms.    
 
3.1 In Vitro Bioassay Results  
In the present study 70 crude extracts from 46 plant species which belong to 30 
families, has their antifungal and antibacterial activities were tested in vitro against 
20 isolates of M. mycetomatis, five isolates of Streptomyce somalensis and two 
isolates of Actinomadura pelletieri.  Part of this work was directed to isolate some 
fractions and bioactive agent for the most potent plant Prosopis chilensis and 
tested its antifungal activity in vitro by use of NCCLS modified assay against M. 
mycetomatis and test their effect on the immune cells. 
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3.1.1 Agar Diffusion Method 
M.mycetomatis and A.pelletieri were tested in sabouraud dextrose agar medium 
containing different extracts in triplet times. Tryptic soya agar for S.somaliensis the 
test was repeated for three times. The minimum inhibitory concentration was 
calculated as average value as well as standard error.  
 
Table 3. MIC (minimum inhibitory concentration) in mg/5ml medium against three 
Mycetoma organisms using agar diffusion method. 
 MIC in mg/5ml
  S. somaliensis
 MIC in mg/5ml
 A. pelletieri 
 MIC in mg/5ml
 M. mycetomatis 
Plant species/ part used 
1.00±0.05 
2.00±0.05 
3.00±0.05 
1.80±0.05 
2.00±0.05 
1.50±0.05 
3.00±0.05 
2.50±0.05 
2.00±0.05 
2.00±0.05 
3.00±0.05 
2.00±0.05 
1.20±0.02 
1.00±0.02 
3.00±0.05 
2.00±0.05 
1.50±0.05 
3.00±0.05 
1.00±0.05 
1.50±0.05 
0.30±0.05 
1.00±0.02 
3.00±0.05 
2.00±0.05 
  
2.50±0.05 
1.50±0.05 
3.00±0.05 
1.00±0.02  
      2.50±0.05
3.50±0.05 
3.50±0.05 
2.00±0.05 
3.00±0.05 
4.00±0.05 
3.00±0.05 
2.50±0.05 
1.35±0.02 
1.50±0.05 
3.50±0.05 
2.50±0.05 
2.50±0.05 
3.00±0.05 
2.00±0.05 
2.00±0.05 
0.35±0.05 
0.75±0.02 
2.50±0.05 
2.00±0.05  
1,50±0.05 
1.00±0.02 
2.00±0.05 
1.75±0.05 
2.00±0.05 
1.50±0.05 
2.00±0.05 
2.50±0.05 
2.50±0.05 
1.00±0.02 
2.50±0.05 
1.20±0.02 
1.50±0.05 
1.00±0.02 
2.00±0.05 
0.95±0.02 
1.50±0.05 
1.50±0.05 
1.50±0.05 
1.00±0.02 
0.26±0.05 
0.50±0.02 
2.00±0.05 
0.80±0.02 
 
  Acaccia nilotica fruits
 Calotropis procera latex
 C. procera leaves  
 C. decudua aerial part
 Cassia alata pods
 C. occidentalis pods
 Citrulus colocynthis fruits
 C. colocynthis aerial part  
Cordia seninsis leaves
 Datura stromnium fruits 
 E. heterophylla (ap)
 Grewia villosa leaves 
  Lawsonia inermis seeds
  Lepidium sativum seeds
 M oringa olifera leaves
 M. olifera seeds
Nymphae lotus leaves
Ocimium citrdorum (ap)  
Polygonum glabrum leaves
 P. glabrum stems
 Prosoois chilensis leaves
 P. chilensis bark
 P. chilensis root
Solanum nigrum fruits  
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Figure 2. In vitro susceptability (Agar diffusion method) of P. chilensis leave 63 
and bark 62. L.sativum seed 35 and S.nigrum 17 crude extract against M. 
mycetomatis in comparison to the control 
 
 
Figure 3. In vitro susceptability (Agar diffusion method) of P. chilensis leave 63 
and bark 62 against A. pelletieri in comparison to the control in the middle 
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The minimum inhibitory concentration (MIC) is average of the three tests as 
compared with control 2mg/5ml medium ketoconazole which completely inhibit 
the fungal growth. Streptomycin 2mg/5ml medium completely inhibit the bacteria 
growth. The control without drug culture plate, showed large growth areas and 
caused pigmentation to the media used. 
From (Table 3 and figure 2&3), only 24 plant extracts from 70 extracts exhibited 
various degrees of antimicrobial activity. Where the MIC for these extracts range 
between 0.2-4 mg/5ml against the three organisms.  Crude methanolic extracts 
from the leaves and bark of P. chilensis showed the most potent activity against M. 
mycetomatis of value 0.26 mg/5ml medium and 0.5 mg/5ml medium respectively. 
While S. nigrum fruits showed MIC against M.mycetomatis of 0.8 mg/5ml and M. 
olifera seeds 0.95 mg/5ml and L. sativum seeds of 1mg/5ml.  
P. chilensis leaves showed 0.35 mg/5ml medium against A. pelletieri and 0.3 
mg/5ml medium against S. somaliensis.  
 
3.1.2 NCCLS Modified Method (Ahmed et al., 2004) 
The antifungal activity of the crude methanolic extracts of leaves, bark and the root 
of P. chilensis plant were tested against isolates of M.mycetomatis using the assay 
according to the modified NCCLS guidelines. The susceptibility test was done in 
comparison to the controls: 1mg ketoconazole/2ml medium and the other one 
without drug. Each test was repeated three times and the optical transmission is the 
mean for the readings.  The harvested mycelia were first homogenized, the 
inoculum density was set at 0.07 and the optical transmission was measured at 
689nm. MICs end point for each treatment define as first concentration where 
spectrophotometerically 0.08 or more transmission was found in comparison to the 
control (Van de Sandey et al., 2007).  
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It is clear from (Table 4 & Figure 4), that leaves and the bark methanol crude 
extract exhibit antifungal activity against M.mycetomatis. The minimum inhibitory 
concentration MIC range from 1 mg to 0.05 mg/2ml as compared with the control 
with 1 mg/2ml ketoconazole and other without drug. The root showed highest 
optical density at concentration of 1mg/2ml medium. The optical density was 0.32 
in comparison to the control without drug was 0.24 which suggested that the root 
extract of P. chilensis enhance the growth of M. mycetomatis.   
P. chilensis leaves crude extract is most potent against M. mycetomatis. Fractions 
were tested using the previous protocol, (table 5 & figure 5). The aqueous fraction 
at concentration 0.25 mg/2ml medium, showed optical density of 0.15 similar to 
control ketoconazole 1mg/2ml. The methanolic fraction at concentration 0.1 
mg/2ml medium, showed optical density of 0.15 similar to control ketoconazole 
1mg/2ml. The ethylacetate and petroleum ether oil fractions at 1mg/2ml medium, 
showed high optical density of 0.24 for ethylacetate fraction, 0.22 for PcL-O and 
0.19 for PcL-2 oil fractions.  
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Table 4.  The Optical transmission of crude methanol extracts of leaves, bark and 
root of P. chilensis plant 
Control  Ketoconazole Root  Bark  Leaves Concentration 
 0.24 
- 
- 
- 
-  
- 
- 
- 
- 
0.16  
- 
- 
- 
- 
0.38 
0.33 
0.32 
- 
0.19 
0.16 
0.16 
0.14 
0.09 
0.08 
- 
0.19 
0.16 
0.12 
0.09 
0.08 
0.08 
 
0.00 mg 
0.02 mg 
0.05 mg 
0.10 mg 
0.25 mg 
0.50 mg 
1,00 mg  
   
       
Figure 4. In vitro Susceptibility of M, mycetomatis to crude extract from 
leaves, bark and root of P. chilensis 
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P. chilensis leaves crude extract is most potent against M. mycetomatis. Fractions 
were tested using the previous protocol, (table 5 & figure 5). The aqueous fraction 
at concentration 0.25 mg/2ml medium, showed optical density of 0.15 similar to 
control ketoconazole 1mg/2ml. The methanolic fraction at concentration 0.1 
mg/2ml medium, showed optical density of 0.15 similar to control ketoconazole 
1mg/2ml. The ethylacetate and petroleum ether oil fractions at 1mg/2ml medium, 
showed high optical density of 0.24 for ethylacetate fraction, 0.22 for PcL-O and 
0.19 for PcL-2 oil fractions.  
Various phytochemical compounds were isolated from the root and the bark (table 
6 & figure 6) showed PcR-1 {5-hydroxy4’-hydroxy7-Orhamnopyrnoside flavone 
(57)}.  Isolated from the root is the most potent compound at 1mg/2ml, in compare 
control, where as the root crude methanolic extract enhance the fungal growth.  
While the bark crude extract inhibit the fungal growth, the isolated compounds are 
less active in compared with the drug control PcB-1 (biflavan), PcB-2 C-glycoside 
flavone and PcBa-1 is piperidine alkaloid. 
The similar pattern of results appeared in testing of different phytochemical 
compounds isolated from the leaves (table 7 & figure 7),PcL-7 show optical 
density 0.14 at 1mg indicated (MIC) inhibit the fungal growth and PcL-8  showed 
optical density at 1mg 0.17, indicated (MIC) inhibit the fungal growth which is 
similar to the drug control.  
While PcL-x contained the crude alkaloid fraction after the hydrolysis show some 
sort of activity. The activity in crude extract for both the leaves and the bark 
attributed to the synergistic effect of the whole components of the extract. 
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Table 5. The Optical transmission at 680 nm of the leaves aqueous, methanol, 
ethylacetate and petroleum ether (oils) extract fractions 
Ketoconazole  Control  PcL2 oil 
fraction  
PcLO oil 
fraction  
ErOAc 
fraction  
MeOH 
fraction  
Aqueous 
 fraction  
Concentration  
     
 
 
 
 
 
0.15  
0.27 
- 
- 
- 
-  
- 
0.20 
    0.20 
    0.19  
- 
0.27 
0.24 
0.22 
- 
0.31 
0.26 
0.24  
- 
0.17 
0.17 
0.15 
0.14 
0.13 
0.05 
   
- 
0.24 
0.18 
0.17 
0.15 
0.12 
0.06 
   
0.00 mg 
0.02 mg 
0.05 mg 
0.10 mg 
0.25 mg 
0.50 mg 
1.00 mg 
 
                    
Figure 5. In vitro Susceptibility of M. mycetomatis to the P. chilensis leaves 
aqueous, methanol, ethylacetate and petroleum ether (oils) extract fractions. 
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Table 6. The Optical transmission of four compounds isolated from the bark and 
one from the root of P.chilensis 
Ketoconazole 
  
  control    PcR-1   PcBa-1    PcB-5    PcB-2   PcB-1  Concentration  
- 
- 
 
0.17 
  
  0.27 
- 
- 
-  
- 
0.34 
0.25 
0.14  
- 
0.40 
0.30 
0.22  
- 
0.33 
0.27 
0.18  
- 
0.25 
  0.23 
0.19 
- 
0.23 
0.22 
0.20  
0.00 mg  
 0.25 mg 
0.50 mg 
1.00 mg  
    
 
 
Figure 6. In vitro susceptibility of M. mycetomatis to four compounds isolated 
from the bark and one from the root of P.chilensis. 
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Table 7 Optical transmission represent susceptibility of compounds isolated from 
P. chilemsis leaves against M. mycetomatis 
  Ketoconazole   ontrol    PcL-x    PcL-8    PcL-7    PcL-6    PcL-1   Concentration  
   
 
  
0.17  
0.28 
 
 
   
  0.26 
  0.21 
  0.18  
  0.43 
  0.35 
  0.17  
  0.29 
  0.28 
  0.14  
  0.34 
  0.33 
  0.29  
  0.64 
  0.50 
  0.33  
0.0 mg    
0.25 mg 
0.5 mg 
1 mg 
   
  
  
 
 
Figure 7. In vitro susceptibility to compounds isolated from P.chilemsis leaves 
against M.mycetomatis in compare to control 
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3.1.3 Immunomodulating Properties  
Many therapeutic effects of plant extracts are mainly due to their influence on the 
immune system of human body. Immunomodalting properties of the most active 
plant extract were tested using whole blood cells. 
From (table 8& figure 8), the whole blood screening for immunomodulation 
property as inhibition %, the  methanolic extract of the leaves P. chilensis exhibited 
high inhibition % of 110.4±6.6% and 116.6±5% in concentration 200µg and 100 
µg respectively. The bark methanolic extract show high inhibition% 80.4±3.3 at 
200µg and a moderate inhibition% 52.9±1 at 100µg. The leaves extracts, showed a 
dose- dependent effect with > 90% inhibition at the highest concentration (100 
µg/ml), have effect on the cell response. While the root exhibited moderate 
inhibition% at both concentration 65.8 ± 7% and 47.4 ± 6.1%. 
The pure isolated phytochemical compounds (table 9& figure 9) PcB-1 Mesquitol 
tetramethyl ether (54) (Biflavan) showed a moderate inhibition % 73.4 ± 1.2 at 200 
µg/ml and 62.1 ± 3.6 at 100 µg. PcR-1 (flavone) showed moderate inhibition% 
54.6 ± 3.9  at 200 µg and 61.7 ± 5.1 at 100 µg/ml. 
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 Table 8. Immunomodulation property (Inhibition %) of P. chilensis leaves, bark 
and root methanolic extracts using whole blood  
 
     Inhibition%   Concentration 
         In µg 
   Methanolic Extract  
     P. chilensis  
4.8   30.1 ± 
116.6 ± 5 
110.4 ± 6.6  
25 
100 
200  
        leaves 
 
9.8 ± 8. 6 
52.9 ± 1 
80.4 ± 3.3  
25 
100 
200  
        Bark  
  21.4 ±0.7 
  47.4 ± 6.1 
  6584 ± 7 
25 
100 
           200 
        Root 
 
 
               
Figure 8. Immunomodulation property of P. chilensis leaves, bark and root 
methanolic extracts using whole blood. Each bar represents a mean triplicate 
reading 
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Table 9. Immunomodulation property (Inhibition %) of PcB-1from bark and PcR-1 
from root of P. chilensis using whole blood. 
Inhibition%   Concentration 
         in µg 
       Compound 
14.8 ± 11.6 
30.1 ± 3 
45.9 ± 2.7 
62.1 ± 3.6 
73.4 ± 1.2$ 
  
12.5 
25 
50 
100 
200 
  
        
          PcB-1 
12. ± 1.7 
27 ± 9.5 
33.1 ± 3.6 
61.7 ± 5.1 
54.6 ± 3.9 
 
12.5 
25 
50 
100 
200  
        
           PcR-1 
 
 
 
                         
Figure 9.  Immunomodulation property of PcB-1from bark and PcR-1 from root of 
P. chilensis using whole blood. Each bar represents a mean triplicate readings. 
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Luminol is characterized by its ability to enter the cell and react with intracellular 
reactive oxygen species (ROS) (Dahlgren, and Briheim, 1985 and Allen, 1986) 
In the phagocyte oxidative burst, the phagocyte cells on activation induced the 
release of reactive oxygen free radical which is quantified by luminol enhance 
chemiluminescence assay.  Methanolic extract of the leaves, bark and root of P. 
chilensis were further tested for their phagocyte oxidative burst (table 10. & figure 
10.). The leaves extract exhibited high inhibition % of 100±0.0% for concentration 
200µg, 100 µg and 50 µg. 75.6 ± 7.6% for 25 µg the inhibition% decrease to 8.5 ± 
2.5% at concentration 12.5 µg with LC50 20.3 ± 0.8. 
 The bark methanolic extract show high inhibition% 99.4 ± 01 at 200µg, 92.1 ± 1.3 
at 100 µg, 80.3 ± 3.4 at 50µg and a moderate inhibition% of 64.5 ± 3.5at 25µg and 
62.2 ± 0.9 at 12.5µg. LC50 <12.5. 
 The root exhibited high inhibition% 97.5 ± 0.4 at 200µg, 92 ± 1 at 100µg, 78.2 ± 
2.1 at 50µg and 71.7 ± 2.4 at 25µg.A moderate inhibition%  60.8 ± 6.8  was seen at 
12.5µg LC50 <12.5.  
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Table 10. Inhibitory Properties (inhibition %) of methanolic crude extract from the 
bark, leaves and from the root of P. chilensis on PMNs cells activated by PMA 
(Luminol based).   
 
   LC50 
 
   Inhibition%    Concentration 
        in µg 
  Methanolic Extract 
  P. chilensis  
20.3 ± 0.8 
 
 
 
 
  
8.5 ± 2.5 
75.6 ± 7.6 
100 ± 00 
100 ± 00 
100 ± 00 
  
12.5 
25 
50 
100 
200 
  
        leaves 
 
    <12.5 
 
 
 
 
 
62.2 ± 0.9 
64.5 ± 3.5 
80.3 ± 3.4 
92.1 ± 1.3 
 99.4 ± 01 
  
12.5 
25 
50 
100 
200 
  
        Bark 
 
 
 
 
 
     <12.5 
 
 
 
 
 
60.8 ± 6.8 
71.7 ± 2.4 
 78.2 ± 2.1 
92 ± 1 
97.5 ± 0.4 
  
12.5 
25 
50 
100 
200 
   
         Root 
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Figure 10. Inhibitory Properties (inhibition %) of methanolic crude extract from 
the bark, leaves and from the root of P. chilensis on PMNs cells activated by PMA 
(Luminol based).  Each bar represents a mean triplicate reading   
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Compound PcB-1 (biflavan) Mesquitol tetramethyl ether (54) isolated from the 
bark of P. chilensis as in (table 11 & figure 11) showed inhibition % of 73.4 ± 
1.2% at 50 µg and a moderate inhibition% 62.1 ± 3.6 at 25 µg 45.9 ± 2.7 12.5 µg. 
Inhibition % decreased with the decrease of concentration 30.1 ± 3 at 6.25 µg. and 
14.8 ± 11.6 at 3.125 µg LC50 <12.5 
PcR-1 isolated from the root of P. chilensis as flavone glycoside showed moderate 
inhibition % of 54.6 ± 3.9% at 50 µg  and 61.7 ± 5.1 at 25 µg. Inhibition % 
decreased with the decrease of concentration 33.1 ± 3.6%, 12.5 µg. 27 ± 9.5% at 
6.25 µg. and 12 ± 1.7% at 3.125 µg with high LC50 71.7 ± 4.9. 
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Table 11.  Inhibitory Properties (inhibition %) of PcB-1 from the bark and PcR-1 
from the root of P. chilensis on PMNs cells activated by PMA (Luminol based). 
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Figure 11. Effect of PcB-1 from the bark and PcR-1 from the root of P. chilensis on 
the oxidative burst (chemiiluminescence assay) as inhibition% with different 
concentration. Each bar represents a mean of triplicate reading. 
 
LC50  Inhibition% Concentration 
in µg  
   Compound 
<12.5  14.8 ± 11.6 
30.1 ± 3 
45.9 ± 2.7 
62.1 ± 3.6 
73.4 ± 1.2 
  
3.125 
6.25 
12.5 
25 
50  
     PcB-1 
 
71.7 ± 4.9  12. ± 1.7 
27 ± 9.5 
33.1 ± 3.6 
61.7 ± 5.1 
54.6 ± 3.9 
 
3.125 
6.25 
12.5 
25 
50  
        PcR-1 
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T-cell proliferation assay was carried out by measuring the number of the cells 
generated and surviving in the culture following an addition of PHA stimulant. The 
indirect measurement is done by estimation of the new DNA production which is 
frequently made by radioactive nucleoside ([3H] thymidine) incorporation (Fletcher 
et al., 1992). The level of proliferation response counts per minute (CPM) of the 
stimulated culture (1.25 µb/ml PHA) was measured beside the CPM of the 
unstimulated control culture 5% DMSO.  
Subpopulation of T-cells, regulate humoral and cellular immune response by 
control of intracellular microbe and help B-cells (antibody) response. As (table 12 
& figure 12) shown the methanol extract of the leave is most active with inhibition 
99.8 ± 0.1% at 12.5 µg/ml while the bark and root showed high activity at 
100µg/ml and they revealed variable inhibition % and LC50 
 < 12.5. Immunosuppressive activity were found to significantly (P < 0.01) 
suppress the proliferation of T-cells. 
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Table 12. Inhibitory Properties (%) of leaves, bark, and root of P. chilensis 
methanolic crude extracts T-lymphocyte proliferation. The Cells were stimulated 
with (PHA). 
  
 
 
 
 
 
 
 
 
  
             
Figure 12. Inhibitory Properties (%) of leaves, bark, and root of P. chilensis 
methanolic crude extracts T-lymphocyte proliferation. The Cells were stimulated 
with (PHA). Each bar represents a mean of triplicate reading.  
LC50 
  
Inhibition%  Concentration 
in µg  
Methanolic Extract 
P. chilensis 
20.3 ± 0.8  35..6 ± 9.4 
99.8 ± 0.1 
99.7 ± 0.1 
99.7 ± 0.1 
99.7 ± 0.1 
  
6.25 
12.5 
25 
50 
100 
  
Leaves  
<12.5  9.4 ± 3.8 
21.8 ± 8.8 
32.6 ± 2.4 
43.0 ± 9.3 
91.7 ± 0.3 
  
6.25 
12.5 
25 
50 
100 
  
Bark 
  
<12.5  9.8 ± 8.6 
32.6 ± 2.4 
32.6 ± 2.4 
52.9 ± 1 
80.4 ± 3.3  
6.25 
12.5 
25 
50 
100 
  
Root 
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3.2 PHYTOCHEMICAL RESULTS 
An attempt has been made to elucidate chemical structures of various compounds 
from the leaves, bark and root of Prosopis chilensis by modern spectroscopic 
techniques.  
  
3.2.1Characterization of Compound PcB-1 
Compound PcB-1 was isolated from the bark from the ethylacetate fraction eluted 
from flash silica column at 2%MeOH and 98% CHCl3 as colour less crystals, it 
gives blue florescent spot under UV with Rf value 0.33in [MeOH:CHCl3 (1:5)].  
 1HNMR was recorded using CD3OD (300 MHz) exhibited quartets at δ at 7.54 
ppm (J=3 Hz, J= 1.8 Hz and J= 1.9 Hz) indicative for the proton at C-19 and C-27. 
Singlet at δ 7.32 ppm indicated the presence of proton at C-18, C-19 and C-32 and 
another singlet at δ 7.51ppm for C-12 proton. Doublet signals at δ 6.83 (J= 4 Hz) 
assigned the presence of aromatic protons at C-16 and C-29. Another doublet at 
6.80 (J= 4.6 Hz) for C-9 and C-10 protons. Singlet at δ 6.82 ppm resonated for C-7 
proton.  Long doublet signals at δ 3.88 ppm (J= 2.5) indicated the presence of 
methoxy protons at C-8and C-15 and long δ at 3.3 ppm for methoxy group at C-27 
and C-35. Sharp broad long signal at δ 4.85 ppm indicated the presence of 
hydroxyl groups at C-3 and C-17 as in figure 13. appendix.  
The mass spectrum exhibited the presence of m/z ions 123 151, 153, 167, 168 and 
base ion 198(100%) in mesquitol as biflavan. Fragments M+-15= 532.9 indicated 
loss of methyl group also M+-18= 530(14%) indicaive for presence of hydroxyl 
group.  Fragments (M+-28= 519) due to loss of CO and M+-31= 516 of indicated 
the presence of methoxy group as in figure 14 appendix. 
Based on the above spectroscopic evidence the chemical structure can be 
tentatively suggested as Mesquitol tetramethyl ether (53). 
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3.2.2 Characterization of Compound PcB-2  
Compound PcB-2 was isolated from the bark from the ethylacetate fraction eluted 
from flash silica column at 3.5%MeOH and 96.5% CHCl3 as amorphous yellow 
green colour which give florescent spot under UV with Rf value 0.52 
[ MeOH:CHCl3 (1: 5)] 
1HNMR was recorded using CD3OD (300 MHz) exhibited doublet signal at δ 7.6 
ppm with (J = 8.5Hz) for H-2’ and H-6’, δ 6.94 p pm with (J = 8.5Hz) for H-3’ and 
H-5’protons at ring B. δ 2.15 ppm assigned for methyl group at C-6 alkyl proton,  
singlet at δ 3.83 ppm assigned for OCH3 group atC-4’  the presence of sharp 
singlet at δ 7.36 ppm indicative for aromatic OH at C-7 and singlet δ at 7.72 ppm 
for C-5 proton on the hydrolysis sharp singlet at δ 6.53 ppm indicative for C-8 
proton. Figure 15 appendix show the 1HNMR spectrum.  
The mass spectrum exhibited the presence of m/z ion 332 (M+-CO-H2O) 332-46 
=286 indicate flavone with methyl group in A-ring and 7-hydroxyl (M+- H2O) 332-
18 = 314 fragment m/z 102 (9.4%) indicative for the presence of 7- hydroxyl 
flavone also the fragment 153 (17%) and 151(9%) indicative for7- hydroxyl 
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flavone and C-6 methyl group in A ring.  M+153-14=139 indicative for C-4 keto 
function and the fragment m/z 133.2 (6%) indicated presence of 4’-oxygenated in 
ring B. While base ion peak, m/z 295, indicative also for the presence of vicenin 
type C-glycosyl flavone. The fragment M+-30 =302 indicated the presence of 
disaccharide sugars the presence of m/z peak ion 149(40%) indicated presence of 
arabinose sugar C-glycoside at C-8 and the and m/z 161indicated the hexosyl 
glucose at C-8 as appeared in figure 16 appendix. 
Based on the above spectroscopic evidence the chemical structure can be 
tentatively suggested as 6-methyl7-hydroxy4’-methoxy 8- C-D glucopyrnoside 
flavone (54). 
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3.2.3 Characterization of Compound PcB-8   
Compound PcB-8 was isolated from the hydrolyzed fraction of PCB-2 and also 
from the butanol fraction eluted from flash silica column at 12%MeOH and 88% 
CHCl3 as colour less crystal in a large quantity give black brown spot with ceric 
sulphate Rf value 0.32 [ButOH:HOAC:H2O (4:1:2)].the mass spectra exhibited 
m/z 144 fragment 55 (14%) 57 29 60 35 73 (100)87 (91) 1HNMR at CD3OD 
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showed presence of multiplet signal δ at 4.79 ppm doublet δ at 3.88 ppm J=1.89 
Hz for H-2 multiplet δ at 3.62 ppm singlet δ at 3.46 multiplet δ at 3.30 ppm 
indicative for D-glucose resonated protons. 
   
3.2.4 Characterization of Compound PcBa-1 
Compound PcBa-1 was isolated from the bark as methanolic extract hydrolyzed 
with 10% HCl neutralized with NH4OH extract with ethylacetate, which eluted 
with [CHCl3 : MeOH (3:1)] and 2 drops diethylamine. The compound was isolated 
as gummy material, UV in active spot and gave orange colour with Dragendroff’s 
reagent. Its Rf value 0.81. 
IR spectrometer was run in KBr, peaks 671, 771 cm-1 exhibited C-H disubstitued, 
sharp 1278.2 cm-1, 1366.6 cm-1 (CH2), 1429.7 cm-1, 1459.2 cm-1, 1517.3 cm-1 
indicated C=C aromatic. Single sharp 1689.9 cm-1, indicated the C-N single sharp 
2926.4 cm-1 for methyl group, broad 3419.8 cm-1 for NH and 3642 cm-1 for OH. 
1H NMR (MeOD) exhibited presence of singlet band at δ 0.96 assigned for CH3 
methyl in the piperidine ring. The presence of δ 1.23 ppm, δ 1.26 ppm, multiplet δ 
1.28 ppm, 1.31 ppm, δ 1.33ppm, δ 1.37ppm and 1.39 ppm signals appeared for the 
protons CH2 methylene group side chain. The presence of multiplet  δ 2.79-2.8 
ppm H-C2 piperidine H-C6  while δ 1.54 ppm resonated for H-C5 and δ 1.59 ppm 
for H-C3. The presence of signal peaks down field at δ7.59-7.79 ppm indicative for 
the aromatic protons in the indolizidine ring, multiplet signal 3.21-3.31ppm 
indicative the presence of protons in the 5-member ring of indolizidine. The down 
field singlet at δ 4.85 ppm, assigned for the presence hydroxyl group in the 
indolizidine ring. The spectrum was appeared in figure 17 appendix. 
The mass spectrum fragmentation as in figure 18 appendix. Similar pattern to that 
of cassine show presence of m/z peak ion 97 and 69 indicate 2,6 disubstitued  
piperidine ring system as in scheme 1. Peak ion 135 indicated the presence of 
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indolizidine ring  The side chain resemble spectaline in (CH2)12 m/z 168, appeared 
at the peak ion (M++97=256). Peak 396 (M+ -18=378) indicated the presence of 
hdroxy group in the indolizidine ring .  
               
NH3C
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m/z = 69 m/z = 85
N
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+
+
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Scheme 1 showed some mass fragment of PcBa-1 
Based on the above spectroscopic evidence the chemical structure can be proposed 
as piperidine-2-methyl -6-dodcyl- 20- hydroxyl-indolizine chloride (55). 
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Piperidine-2-methyl -6-dodcyl- 20- hydroxyl-indolizine chloride 55 
3.3.5 Characterization of Compound PcR-1 
Compound PcR-1 was isolated from the root part from the ethylacetate and 
chloroform fraction. The compound was eluted from silca gel column with 1% 
methanol 99% chloroform and as yellow powder as quenching spot under UV light 
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at 366 nm and gave yellow colour with ceric sulphate and AlCl3.  Rf value 0.5 
[MeOH : CHCl3  (1:9)].  
PcR-1 1HNMR (CD3OD) exhibit doublet at δ 7.96 ppm with (J= 9Hz) assigned to 
H-2’ due to its ortho coupling with H-6’ protons and doublet δ 6.91ppm for the H-
3’ and H-5' protons in 4’- oxygenated flavone. The presence of sharp singlet at δ 
6.26 ppm assigned to H-6 proton. and δ 6.61 ppm assigned to H-8 and sharp singlet 
at δ 6.59 ppm for C-3 proton in ring A. The sugar anomeric protons NMR exhibit 
doublet shift at δ 0.86 ppm  (J= 6Hz) and sharp singlet at δ 1.28 ppm indicative for 
the prescence of rhamnopyronside attached to  C-7 as shown in figure 19 appendix.  
The mass spectrum showed presence of M+- 28 (CO) = 296 with other peak M+- H 
295 show the presence of  aglycone of flavone, indicative by presence of fragments 
m/z 77(40%), 102 (11%) and 105(17%) indicative for the presence of 5,7 
oxygenated flavone also the fragments m/z 153 (40%) and 167(32%) indicated the 
methoxy group at C-5, this confirmed by M+-14 give 139(67%). The ion peak m/z 
118(7%) indicated the presence of hydroxyl group in B-ring at C-4’. The spectrum 
appeared in figure 20 appendix. 
Based on the above spectroscopic evidence the chemical structure can be 
tentatively 5-methoxl4’-hydroxy7-Orhamnopyrnoside flavone (56). 
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3.2.6 Characterization of Compound PcR-2  
Compound PcR-2 was isolated from the root part, eluted from 40% chloroform and 
60% petroleum ether. White powder gave pink colour spot with ceric sulphate. On 
TLC [MeOH : CHCl3 (1:9)] and few drops HoAC, gave Rf value 0.71. 
The 1HNMR CD3OD (300 MHz) spectrum revealed the presence of six methyl 
groups. δ 0.71 ppm for methyl group at C-18, δ 0.86 ppm for methyl group at C-
27,  δ 0.93 ppm for methyl group at C-26 and C-32, δ 102 ppm  for methyl group 
at C-31 and δ 0.87 ppm for methyl at C-27. The appearance of multiplet signals at 
δ 1.27 ppm for assigned for methylene group at C-24. C-15 methylene group 
protons appeared at δ 1.48 ppm and δ 1.85 ppm, while C-17 protons appeared at δ 
1.48 ppm and 1.53 ppm and C-4 appeared at δ 1.53 ppm and δ 1.57 ppm.  The 
methine (CH) proton for C-5 appeared at δ1.08 ppm, methine proton for C-6 
appeared at δ1.48 ppm and methine proton for C-7 exhibited sharp long singlet at δ 
1.02 ppm.  Proton C-21 exhibited sharp singlet at δ 4.77 ppm and proton C-14 
appeared at δ 5.3 ppm.  
PcR-2 mass spectrum exhibited M+ peak at m/z 438.8 and base ion peak m/z 396 
(100%). Fragment m/z 121(12.1%) indicative for the presence of unsaturated bond 
between C-13 and C-14. Presence of m/z ion 109(11.3%) 107(12.3%) and 
105(12.6%), indicated the presence of oxygen atom in ring A.The presence of m/z 
ions 93(17.6%), 82(29.4%), 80 (17%), 71(11%), 69(16%), 57(13.7%) and 
55.1(19.5%), indicative for the alkane side chain,  
Based on the above spectroscopic evidence the chemical structure can be 
tentatively 25-dimethyl stigma-13-dien-3one (57) 
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3.2.7 Characterization of Compound PcL-1 
Compound PcL-1 was isolated from the chloroform and ethylacetate fraction 
eluted with petroleum ether 80% and chloroform 20% gives orange spot on TLC 
pet.ether: acetone (5:1) with Rf value 0.57 and give brown colour with ceric 
sulphate.  
The 1HNMR CDCl3 (300 MHz) spectrum revealed the presence of six singlets. 
Sharp long singlet at δ 0.79ppm for methyl group at C-30, at δ 0.81 ppm  for C-27, 
at δ 0.83 ppm for C-20 and for C-29, δ 0.89 for C-26. Singlet at δ 1.04 ppm and δ 
0.83 ppm indicated methylene group at C-28. Singlet at δ 1.55 ppm indicative 
methine group at C-25 another singlet at δ1.30 ppm and 1.13 ppm indicated the 
presence of methylene group at C- 23. Methylene group at C-22 appeared at 0.79 
ppm and 1.43 ppm. C-1 protons and the hydroxyl group appeared as septet signals 
at δ 3.48-3.55 ppm. C-14 proton appeared as long doublet at 5.35 ppm (J 4.9 Hz). 
C-11 methylene group protons appeared at δ 2.32 ppm and δ 0.92 ppm and C-9 
methylene protons appeared at δ 1.68 ppm and δ 1.13 ppm, while C-12 proton 
appeared at δ2.27 ppm. C-2 methylene proton appeared at δ1.82 ppm and 1.48 
ppm. 
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The compound PcL-1 show EIMS exhibited M+ peak at m/z 414.3 The presence 
m/z ion 133 (41%) and 147(26.8%) indicted that ring C and D bearing also methyl 
group. the m/z 119 (35%) ,121(31%) and m/z 123 (21.8%) indicative for ring A 
bearing hydroxyl and methyl groups with unsaturated bond between C-13 and C-
14 in ring B. the presence of m/z ion 107(55.3%) 105(55.6%) indicative for the 
presence of hydroxyl group at C-1. The presence of m/z ions 93(49.3.6%), 
83(47.4%),  81 (66%), 1 79(41.5%), 71(27%), 71(27%),  69(96%), 57(58%),  and 
the base ion peak 55(100%) indicative for thepresence of olefinic side chain.   
Based on the above spectroscopic evidence the chemical structure can be 
tentatively is β-sitosterol (58).                                                                            
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3.2.8 Characterization of Compound PcL-7 
Compound PcL-7 was isolated from the leaves part withThe aqueous layer of the 
methanol fraction after hydrolyzed with 10% HCl then extracted with chloroform. 
The acidic aqueous layer neutralized with NH4OH and again extracted with 
chloroform and ethyl acetate. The aqueous layer from the hydrolysis was 
acetylated with acetic anhydride and pyridine 2:1 at 30 °C for 6 hours then 
extracted with chloroform and ethyl acetate. The residues was subjected to column 
chromatogrphy and PcL-7 was eluted with 85%chloroform and15% methanol. UV 
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inactive spot give Rf value 0.62 in TLC[CHCl3: MeOH (5:1)] 2drops of 
diethylamine. PcL-7 spot gave orange brown colour with ceric sulphate and 
Dragendroff reagent.  
IR spectrometer was run in KBr, peaks exhibited 952-997cm-1 exhibited 
disubstituted CH, sharp 1278.2 cm-1, 1360 cm-1 (CH2). Single sharp 1680 cm-1, 
indicated the C-N single sharp 2860 cm-1 for methyl group, broad 3631.8 cm-1 for 
OH group and broad peak at 3451.3 cm-1for NH group.  
1H NMR (CD3Cl) exhibited presence of broad band at δ 5.49 ppm indicative for 
the hydroxyl group in indolizidine ring. Where the methyl group protons appeared 
at δ 4.18 ppm at C-25, Doublet at δ 3.21 ppm (J= 2.8 Hz) for C-4, δ 3.86 ppm for 
C-21 and  δ 2.21 ppm  for C-22, assigned for the 5-member ring protons. 
Inolizidine ring the aromatic proton appeared at δ 7.53 4.21ppm for C-19 and at δ 
8.55 ppm for C-26. Signals at δ 1.19 ppm, δ 1.33 ppm, δ 1.42 ppm, δ 1.25 ppm and 
δ1.38 ppm assigned for the side chain methylene group protons. Methyl protons for 
acetate group appeared at singlet δ 1.98 ppm and piperidine methyl proton 
appeared at δ 1.17 ppm. The piperidine methylene protons appeared as doublet at δ 
2.79 (J=5.4 Hz) for C-4, δ 1.48 ppm and δ 1.56 ppm for C-5. The piperidine 
methine protons appeared at δ 3.13 ppm for C-2, at δ 2.35 ppm for C-3 and δ 2.79 
ppm for C-6.  
The mass spectrum fragmentation pattern was similar to that of cassine show 
molecular ion peak  414.1. Other fragments ions of m/z 398,397 Base peak ion m/z 
396 (100%)  (M+-18 =396) indicated the presence of hydroxyl group. This 
confirmed by the peak ion 383 (29%) (M+-31). Presence of m/z peak ion m/z 119 
(23%) indicated the presence of indolizidine ring. Fragments of m/z peak ions 
97,71 and 69 indicate 2,6 disubstitued  piperidine ring system as in scheme 1. the 
presence of m/z peak ion 44 (76.3%) indicated the presence of acetate group at C-3 
in 2, ,6-disubstitued  piperidine ring system.  
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Based on the above spectroscopic evidence the chemical structure can be 
tentatively Piperidine-2-methyl -3 acetyl-6-dodcyl- 25-methyl –indolizin-ol (59). 
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3.2.9 Characterization of Compound PCL-8 
Compound PcL-8 was isolated from the methanol fraction of the leaves part. The   
compound was eluted from column chromatograph as amorphous powder at 85% 
chloroform and 15% methanol and gave Rf value 0.6 in [CHCl3: MeOH (5:1)] 
2drops of diethylamine gave orange brown colour with ceric sulphate and 
Dragendroff reagent.  
IR spectrometer was run in KBr, peaks  IR spectrometer was run in KBr, peaks 
771, 801 cm-1 exhibited C-H disubstitued.  1429.7, 1517.3 cm-1 indicated C=C 
aromatic. Single sharp 1625.9 cm-1, indicated the C-N single sharp 2920 cm-1 for 
methyl group, broad 3419.8 cm-1 for NH group. 
 1H NMR (CD3Cl) exhibited presence of singlet band at δ 0.85 ppm, and doublet at 
0.96 ppm (J=7 Hz) assigned for two methyl groups in two pipridine rings. The 
presence of δ1.22 ppm, δ 1.24 ppm, 1.35 ppm, δ 1.38 ppm and δ 1.54 ppm 
appeared for the protons CH2 methylene group side chain. The presence of dd at δ 
2.79 ppm (J= 5.4 Hz, J= 5.4 Hz) indicated the presence of proton of methine group 
at C-2, C-6, C-39 and C-41. while δ 1.02 ppm and δ 0.96 ppm for piperidine 
methylene group at C-42, C-44 C-5 and δ 1.67 and 1.02 ppm forC-3 and C-44, also 
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δ 1.02 and δ 0.96 ppm indicated the methylene group at C-42. The presence of 
down field signals at δ 9.30 ppm and δ 7.24 ppm assigned for indolzidine ring 
protons. The 5-member ring protons in of indolizidine appeared at δ 2.15 ppm for 
C-22, δ 2.35 ppm for C-23 and δ 3.81 ppm for C-21. The full spectrum appeared in 
figure 21 appendix.   
The mass spectrum fragmentation pattern was similar to that of juliprosine 15, the 
spectrum was shown in figure 22 appendix. The molecular ion peak appeared at 
m/z 633.4. Where peak ion m/z 339(50%)   indicated the presence of  a dimer of 
2,6 disubstitued piperidine ring system. Other fragments 604 (45%), 603 (91%), 
602 (58%), 577 (60.6%). The side chain resemble spectaline in (CH2)12 m/z 265 
(43%) (M+ -97). The presence of m/z peak ion 97 and 69 indicate 2,6 disubstitued  
piperidine ring system as in scheme 1.  
Based on the above spectroscopic evidence the chemical structure can be 
tentatively proposed as adimer of {Di-piperidine 2-methy-6-dodcyl}-indolizidine 
(60) 
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3.2.10 Characterization of PcL-2 oil Compounds  
Oil fraction Pcl-2 was isolated from the leaves pet. ether extract, subjected to 
column chromatography. The chromatogram was eluted at 21% CHCl3 79% pet 
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ether as red oil, with pungent smell. PcL-2 oils were subjected to GC/MS analysis, 
from Nist library soft ware the following compounds were identified  
Cpd -1 was eluted at R.T 19.67 with FS 7.1% with m/z base ion 173 (100%) 
GC/MS as in figure 23 appendix. The  molecular weight 188.1, with chemical 
formula C13H16O as 2, buten3one, 1(2, 3, 6 trimethyl) phenyl (61)  
CH2
O
H3C
H3C
2,Buten3one,1(2,3,6trimethyl)phenyl 61
CH3
 
 
 
Cpd-2 was eluted at R.T 26.12 with FS 8.9% with m/z base ion 88 (100%), GC/MS 
appeared in figure 24 appendix. The molecular weight 265, with chemical formula 
C16H32O2 as methyl2, 6dimthyltridecaonate (62) 
                        
O
methyl2,6dimethyltridecaonate 62
O
 
 
Cpd -3 was eluted at R.T 28.88 with FS 73.2% with m/z base ion 74 (100%), 
GC/MS shown in figure 25 appendix. The molecular weight 270 with formula 
C17H34O2 as Hexadecanoic acid methylester (63).  
O
Hexadecanoic acid methylester 63
O
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Cpd -4 was eluted at R.T 30.18 with FS 44.5% and m/z base ion 88 (100%) . The  
molecular weight 284 with formula C18H36O2 as Hexadecanoic acid 2methyl-methy 
ester (64)  
 
O
Hexadecanoic acid 2methyl- methyl ester 64
O
 
 
Cpd -5 was eluted at R.T 30.35 with FS 9.7% with m/z base ion 256 (100%) and 
molecular weight 256 with formula C16H32O2 as Hexadecanoic acid (65). 
 
O
OH
Hexadecanoic acid 65 
 
Cpd-6 was eluted at RT 32.22 with FS 14.1% m/z base ion 264(100%) GC/MS 
spectrum in figure 26 appendix. The  molecular weight 296 and chemical 
formulaC19H36O2  as Octadecanoic acid (66). 
 
O
Octadecanoic acid 66
O
 
     
Cpd -7 was eluted at R.T 32.65 with FS 33.6% with m/z base ion 74 (100%). The   
molecular weight 298 with formula C19H38O2 as Heptadecanoic acid (67). 
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Heptadecanoic acid 67
O
 
 
Cpd -8 was eluted at R.T 42.25 with FS 1.9% with m/z base ion 382 (100%) %) 
GC/MS spectrum in figure 27 appendix. The molecular weight 382 with formula 
C25H50O2 as Tetracosanoic acid (68) 
 
O
HO
TetraCosanoic acid 68 
 
Cpd -9 was eluted at R.T 51.65 with FS 1.1% with m/z base ion 412(100%). The   
molecular weight 412with formula C29H48O as Stigmasterol 69  
HO
Stigmasterol 69 
                         
Cpd -10 was eluted at R.T 55.95 with FS 3% and m/z base ion 426 (100%) GC/MS 
spectrum in figure 28 appendix. The   molecular weight 426 with chemiical 
formula C30H50O as 2, 4-methyl-5, 26 stigmastadien 3-ß-ol (70) 
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2, 4-methyl-5, 26 stigmastadien 3-ß-ol 70 
 
3.2.13 Characterization of PcL-0 oil Compounds  
Oil fraction Pcl-0 was isolated from the leaves part from petrolium ether extract. 
The oil eluted from column chromatograph at 6% CHCl3 and 94% pet. Ether.  
PcL-0 was eluted as green oil subjected to GC/MS from Nist library the following 
compounds were identified  
Cpd -11 was eluted at R.T 14.07 with FS 1.3% with m/z base ion 81 (100%) 
GC/MS spectrum in figure 29 appendix. The molecular weight 150 with formula 
C10H14O as 3-Buten-2one, 4(3-cyclohexene)-1methyl (71) 
CH2
H3C
3-But-2ene,4(3cyclohexene)-1methyl 71 
 
Cpd- 12 was eluted at R.T 14.75 with FS 4.6% with m/z base ion 81 (100%) 
GC/MS spectrum in figure 30 appendix. The molecular weight 152.1 with formula 
C10H16O as 2-cyclohexene-1-carbxyladehyde-2, 6-β-trimethyl (72) 
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2-cyclohexene-1-carbxyladehyde-2, 6-β-trimethyl 72 
 
Cpd -13 was eluted at R.T 32.5 with FS 68.2 % and m/z base ion 79 (100%) 
GC/MS spectrum in figure 31 appendix. The molecular weight 292 with formula 
C17H32O2 as Dihydroandrasterane-9, 12, 15-octadecatrinoic acid (73) 
 
O
O 
Dihydroandrasterane-9, 12, 15-octadecatrinoic acid 73 
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4. DISCUSSION 
Naturally occurring metabolites are used therapeutically to be effective to kill or 
inhibit the growth of microorganisms without harming or being toxic to the host 
cells. However, they should show sufficient selective toxicity to be of value in 
treatment of microbial diseases. Phytochemicals exhibiting various degrees of 
antimicrobial activity occur in plant stems, leaves, barks, flowers and fruits. 
Mycetoma is a chronic infection affecting large number of people, caused by 
higher bacteria and fungi. In progressive state of mycetoma infection, patients 
treated for long period (more than one year) and high doses as the microorganisms 
are locked in fibrous. The cure rate varies between 60-90%. Recurrence is more 
common after an incomplete course of treatment (Fahal 2006). The disease has 
largely, been ignored by public health and remain difficult in treatment plus high 
rate of disease relapse. Trials have prompted of new effective agents among plant 
secondary metabolites.  
The in vitro test using agar diffusion method showed that M. mycetomatis is more 
susceptible to treatment with plant extracts. The MIC for 24 plants extracts range 
between 0.2-4 mg/5ml against the three organisms. Lepidium sativum (Cruciferae) 
originate in Sudan used for rheumatic pains, diarrhea and dysentery(Evans, 1989). 
L. sativum seeds extract showed MIC of 1mg/5ml against M. mycetomatis, 
1.5mg/5ml against  A. pelletieri and 1mg/5ml against S. somaliensis in compared 
to the controls. The antibiotic effect of the seed extract, may be attributed to the 
seeds content of alkaloids as glucotropaeloin, mucilaginous matter and uric acid. 
The seeds are used to treat tuberculosis, cold, bronchitis and ulcer. where the 
crushed seeds, were used dress sores of camel and horses (Loutfy1983).  
 Pods methanolic extract of  C .alata showed moderate activity against mycetoma 
organisms. The MIC is 2mg/5ml against M. mycetomatis, 2.5mg/5ml against  A. 
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pelletieri and 2mg/5ml against S. somaliensis in comparison to the controls. While 
the leaves extract  of C .alata enhanced the growth of these organisms. The leaves 
are used to treat skin fungal disease caused by Trichophytan mentagrophytes and 
Eipdermophytan gloccosum. they contain rhein, aloemodin and free Kaempferol 
used to treat mycosis and skin fungal disease caused by Trichophytan 
mentagrophytes and Eipdermophytan gloccosum  (Khan,& Omoloso 2001).  C. 
occidentalis pods, showed antimicrobial activity against the three mycetoma 
organisms with MIC of 1.5 mg/5ml in comparison to the controls. The seeds 
contain rhein, aloemodin and chrysophanol. The leaves of C. occidentalis contain 
Kaempferol showed fungicidal action (Oliver-Bever, 1986). Capparis decidua, 
aerial part contain the twigs and small leaves showed MIC of 1.75mg/5ml against 
M. mycetomatis,1mg/5ml against  A. pelletieri and 1.8mg/5ml against S. 
somaliensis in compared to the controls. The activity is due to the presence of two 
alkaloids, one is stachydrine  in the alcoholic extract of the twigs (Oliver-Bever, 
1986). The ash from the plant is traditionally used as disinfectant for wounds and 
sores. The volatile material of the flower and seeds contain organic sulphr 
compound. It has antifungal activity against Aspergillus flavus and C. albicans at 
MIC 50 µg/ml, antibacterial against Vibro cholerae at MIC 25 µg/ml (Oliver-
Bever, 1986).  
 Moringa oleifera Lamk is small to medium size tree. Leaves and the seeds of the 
tree  were used against mycetoma pathogens. The leaves showed MIC of 2mg/5ml 
against M. mycetomatis,3.5mg/5ml against  A. pelletieri and 3mg/5ml against S. 
somaliensis. M. mycetomatis, is more susceptible to seed extract, with MIC of 
0.95mg/5ml. Moderate action was detected against  A. pelletieri and S. 
somaliensis, with MIC 2.5mg/5ml and 2mg/5ml respectively. The root contains 
antibiotic constituents such as pterygospermine, athomine and spirochine which 
are benzo-quinone  molecules which showed broad spectrum antibacterial and 
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antimycotic effects. They inhibit the growth of filamentous fungi. The seeds 
contain derivatives of benzyl-isocyanate which are 4,4’acetyl α-Lrhamony 
osyloxybenzyl isocyanate  have bactericidal action at 56µmol/L against 
mycobacterium (Carcere et al., 1991). The methanolic extract of crushed seeds 
from Lawsonia inermis L showed a remarkable antimicrobial activity against the 
three organisms. MIC of 1.5mg/5ml against M. mycetomatis,1.35mg/5ml against  
A. pelletieri and 1.2mg/5ml against S. somaliensis. Leaves are used in the 
treatment of skin disease, leprosy, boil, burns and burning sensation in feet and as 
astringent, antiseptic for wounds. Leaves contain xanthones, naphthaquinone and 
lawsone (Yogisha et al., 2002). Solanum nigrum fruits are chewed to treat stomach 
ulcers and abdominal upsets (Kokwaro 1976). The methanolic extract showed MIC 
of 0.8mg/5ml against M. mycetomatis, 2.5mg/5ml against  A. pelletieri and 
2mg/5ml against S. somaliensis. The fungi is most susceptible than higher bacteria 
to Solanum nigrum fruits extract.  
Crude methanolic extracts from the leaves of P. chilensis showed the most potent 
activity against M. mycetomatis. They showed the lowest MIC value 0.26 mg/5ml 
medium 0.35 mg/5ml medium against A. pelletieri and 0.3 mg/5ml medium against 
S. somaliensis. and 0.5 mg/5ml medium. Methanolic extract of the bark of P. 
chilensis showed MIC of 0.5mg/5ml against M. mycetomatis, 0.75mg/5ml against  
A. pelletieri and 1mg/5ml against S. somaliensis. The root part extract showed 
moderate MIC value of 2mg/5ml against M. mycetomatis, 2.5mg/5ml against  A. 
pelletieri and 3mg/5ml against S. somaliensis. Infusion of boiling leaves of 
Prosopis africana is taken orally for the treatment of rheumatism and topically for 
open skin sores (Gazi 1987). The aqueous extract has soothing, astringent and 
antiseptic properties. Mesquite traditionally used for open wounds and 
dermatological aliments.  (Gibson et al., 2001).  
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M. mycetomatis is susceptible to eight plants extracts from 24 extracts in 
comparison to the control, with MIC value in range of 1-0.2mg/ 5ml medium. A. 
pelletieri is more resistant. Only three plant extracts with MIC 1mg/5ml or below. 
S. somaliensis showed moderate susceptibility, five plant extracts are effective 
with MIC 1-0.3mg/5ml medium. Agar diffusion method is not a quantized assay 
for mycetoma organisms (difficulty in counting the organism cells), but it is useful 
for screening a large number of extracts.  From the above data M. mycetomatis is 
more susceptible to tested plant extracts in compare to the control, while A. 
pelletieri is more resistant and S. somaliensis showed moderate susceptibility. 
Therefore alternative treatment in natural metabolites with good effectiveness will 
be of promising value. The difficulty of treatment of fungi M. mycetomatis, is 
attributed to the homogenous matrix of dense layer of cement that surround the 
grain and the maximum thickening of the cell wall at the periphery of the grains 
are thought to prevent penetration of the drug and so increase the recurrence rate 
(Alalwai 2004). The disadvantages of drug beside the long period of intake, the 
high current cost that may limit their availability to patient in poor countries with 
low income.  
The in vitro susceptibility of M.mycetomatis isolates to different drug agents is 
adopted by the use of NCCLS modified method,  may nominated us to develop 
standard method for determination of the antifungal susceptibility of this fungi 
against plant extracts. The present study, revealed the leaves and the bark of P. 
chilensis crude methanolic extract inhibit the growth completely at both 
concentrations of 1mg and 0.5 mg/2ml medium. Which showed the inhibition of 
growth is dose dependant, where the optical density of suspension was measured 
spectrophotometery at 680 nm red filter. Reading  of 0.08 was taken as initial point 
of the fungal growth.  The leaves of  P. chilensis crude extract stop the growth at 
both concentrations of 1mg and 0.5 mg  as the initial growth of 0.08. The MIC 
  109
concentration of 0.05 mg/2ml medium in compare with ketoconazole 1mg showed 
optical density is 0.16. The same findings, where the harvested mycelia were first 
homogenized the inoculum density was set at 0.07 optical transmission measured 
at 689nm. MICs end point for each treatment define as first concentration where 
spectrophotometerically gave optical density of 0.08 or more transmission in 
compare to the control (Van de Sandey et al., 2007). The bark of P. chilensis crude 
extract give same optical density value at MIC of 0.1mg/2ml medium in 
comparison with ketoconazole 1mg showed optical density is 0.16. While the root 
show highest optical density at concentration of 1mg/2ml medium the optical 
density is 0.32 in comparison to the control without drug is 0.24 which suggested 
that the root extract of P. chilensis enhance the growth of M. mycetomatis. The 
activity in crude extract for both the leaves and the bark attributed to the 
synergistic effect of the whole components of the extract. 
The methanolic and aqueous extract fractions from the leaves exhibited most 
potent antifungal activity. The inhibitory concentration in range of (1-0.05 
mg/2ml) as compared with the control with 1 mg/2ml ketococazole and other 
without drug. MIC for the methanolic fraction (f rom the leaves) of 0.1mg/2ml 
medium. While the aqueous fractions(f rom the leaves) showed MIC of 0.25 mg/ 
2ml medium in comparison to ketoconazole 1mg/2ml gave optical density of 0.15.   
The antimicrobial activity was related to the chemical content as flavonoids, 
phenols and piperidine alkaloids (Astudillo et al., 2000). The genus Prosopis 
(mesquite) is known to contain 2,6 distributed piperidin-3ol alkaloid series, such as 
prosopine (22) and prospinine (23) from Prosopis africana which have antibiotic 
action (James, 1983; Gibson et al., 2001). Alkaloids isolated from the genus 
Prosopis have long aliphatic chain at C6 and some of them are dimeric (Strunz & 
Findlay, 1985). The ethylacetate fraction and petroleum ether oil fractions from P. 
chilensis enhance M. mycetomatis growth. The ethylactate fraction contain β-
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sitosterol (58) triterpenes. They contain extensive branching and are cyclizing. 
Terpenes are lipophilic compounds and are disruptive to cell membrane of 
microbes (Zsuzsanna et al., 2006). PcL-2 oil fraction and PcL-O oil fraction 
contain long chain aliphatic acid and triterpenes. 
Similar pattern of results appeared in testing of different phytochemical 
compounds isolated from the leaves (table 7 & figure 7). PcL-7 [Piperidine-2-
methyl -3 acetyl-6-dodcyl- 25-methyl –indolizin-ol (59) ] showed optical density 
0.14 at MICof 1mg/2ml medium in comparison to the drug control. The activity is 
attributed to the chemical structure of piperidine alkaloid, based on nitrogen 
hetero-cycle rings, which are highly toxic (Strunz and Findlay 1985; Richard & 
Herbat, 1989).  Prosopine (22) and prospinine (23) are 2,6 distributed piperidine 
alkaloid, isolated from Prosopis africana. Medicinally, they have antibiotic action 
(James, 1983; Gibson et al., 2001). The piperidine alkaloidal compounds showed 
fungicidal activity at low MICs, which revealed the potent antimicrobial properties 
(Kanthasamy et al., 1989).  
 PcL-8 elucidated also as a dimer of piperidine alkaloid.{Di-piperidine 2-methy-6-
dodcyl}-indolizidine (60), showed optical density of 0.17 at MIC1mg/2ml 
medium, which is similar to the drug control. While PcL-x which contained the 
crude alkaloid fraction after the hydrolysis show some sort of activity.  Many 
piperidine alkaloids are isolated from Prosopis juliflora. Juliflorine (13), 
julifloricine (14) and benzene insoluble alkaloidal fraction possess antimicrobial 
activity, when tested in vitro for their microbial toxicity to Pseudomonas 
fluorescens and  P. fluorescens. Thus the fraction is more toxic and julifloricine 
(14) is least. Juliflorine (13) and a benzene insoluble alkaloidal fraction obtained 
from Prosopis juliflora were tested against Trichophyton mentagrophytes 
infection, using in vivo anti-dermatophytic test in rabbits. The alkaloidal fraction 
has strong antibacterial activity due to synergistic effect (Aqueel et al,, 1995). 
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Julifloricine (14) showed high effect than miconazole against Candida tropicalis 
and was equal against C. albicans.  It was less effective than econazole against 
both C. albicans and C. tropicalis.  Julifloricine (14) was not lethal to mice at 
doses of ≤1000 µg/25 g (Ahmad et al., 1989).  
Various phytochemical compounds were isolated from the root and the bark, 
showing antifungal activity against M. mycetomatis.  PcR-1 {5-hydroxy4’-
hydroxy7-Orhamnopyrnoside flavone (57)}, isolated from the root is the most 
potent compound at 1mg/2ml medium, with optical density 0.14 less than that of 
control ketoconazole 1mg/2ml medium. Whereas the root crude methanolic extract 
enhanced the fungal growth at higher concentration. This flavone bears number of 
hydroxyl groups, which are thought related to their relative toxicity to micro-
organism. The increase in hydroxylation increases the toxicity to microorganisms, 
insects and herbivores (Dahanukar  et al., 2000),  
 Flavonoids are extensively characterized by broad-spectrum antimicrobial activity 
and the lack of resistance induction in target organisms. Their activity is due to 
their ability to complex with extra cellular and soluble proteins and to complex 
with bacterial cell walls. More lipophilic flavonoids may also disrupt microbial 
membrane (Tsuchiya et al., 1996).  
While the bark crude extract inhibit the fungal growth, the isolated compounds are 
less active in comparison to the drug control. PcB-1 (biflavan), mesquitol 
tetramethyl ether (53).PcB-2 C-glycoside flavone 6-methyl7-hydroxy4’-methoxy 
8- C-D glucopyrnoside flavone (54). These flavones showed no antimicrobial 
activity against M. mycetomatis. This is due to difficulty of treatment of fungi M. 
mycetomatis and is attributed to the  layer of the cement that surround the grain. 
The maximum thickening of the cell wall of the grains are thought to prevent 
penetration of the drug and so increase the recurrence rate (Alalwai 2004).  
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PcBa-1 is piperidine alkaloid, piperidine-2-methyl -6-dodcyl- 26- hydroxyl-
indolizin chloride (55). The piperidine alkaloidal compounds showed fungicidal 
activity at low MICs, but this alkaloid may be fungicidal at high concentration 
>1mg. Unlike Pcl-7 and PcL-8 are active at concentration 1mg/2ml medium. No 
advance application is done, due to meager amount of PcBa-1.   
This work was initiated with the aim to identify the potent immunomodulatory 
plant extracts or secondary metabolites isolated from Prosopis chilensis plant, 
which can be characterized by either immuno-suppressive activity, to treat 
inflammation and autoimmune diseases or immuno-stimulator to help the body in 
case of the impaired immune responses as in AIDS and malignancy conditions. 
The vast majority of plant-derived drugs in the market in United States today are 
either glycosides, flavonoids or alkaloids, which are water soluble or can easily be 
rendered so by salt formation (Kinghorn, 1992).  
The plant extracts showed interesting activity either suppressing or stimulating in 
the initial screening test (phagocytic function, through the whole blood). 
Methanolic extract of the leaves P. chilensis revealed high inhibition % of 
110.4±6.6% and 116.6±5% in concentration 200µg and 100 µg respectively. The 
bark methanolic extract, showed high inhibition% 80.4±3.3 at 200µg. both extracts 
were found significantly possessing immunosuppressive activity as well as 
compound PcB-1 (biflavan), show high inhibition% (73.4 ± 1.2%), at 100 µg with 
moderate inhibition activity (62.1 ± 3.6%) at 50 µg. In the peripheral blood the 
mononuclear cells (MNCs) beside the myleoperoxidase participate in the 
production of high toxic nitric oxide cooperative with defense extract ROS can 
damage the host tissue (Dahlgren & Briheim, 1985; Allen, 1986). 
The immunomodulating properties were tested in vitro using another pathway of 
chemiluminescence using luminol based assay .Luminol is characterized by its 
ability to enter the cell and reacts with intracellular reactive oxygen species (ROS) 
  113
(Dahlgren & Briheim, 1985; Allen, 1986). Methanolic extract of the leaves, bark 
and root of P. chilensis were further tested for their phagocyte oxidative burst. All 
extracts exhibited high inhibition % in range of 92-60% and were found 
significantly possessing immunosuppressive activity. These findings may strongly 
support the commonly ethnobotanical uses of this plant as anti-inflammatory and 
anti-infectious diseases. It is proposed that the effect of the extracts is due to the 
contribution of the above mentioned chemical groups and secondary metabolites.  
PcB-1 isolated from the bark of P. chilensis as biflavan mequitol tetramethyl ether 
(53) showed inhibition % of 73.4 ± 1.2% at 50 µg and a moderate inhibition% 62.1 
± 3.6% at 25 µg which revealed potent immunosuppressive activity, ROS  
Normally, when neutrophils arrive at the site of infection they will eliminate the 
pathogen through phagocytosis. To ingest pathogens, neutrophils are equipped to 
directly recognize either molecule on the surface of invading microbes or their 
opsonization with serum host proteins including complement factors, mannose 
binding lectin (MBL), or antibodies. After pathogen recognition, reactive oxygen 
species including hydrogen peroxide, superoxide, and NO are formed, which 
effectively kill ingested microorganisms (Lydyard et al., 2001). From this finding 
there is a correlation between the susceptibility of M. mycetomatis and 
imunomodulation effect of P. chilensis extracts and phytochemicals. Large 
numbers of neutrophils are present in the mycetoma lesion, where neutrophils are 
important in the early defense against mycetoma. Because the neutrophils are 
unable to clear the infection, in eumycetoma neutrophils are actively attracted by 
Antigens secreted by M. mycetomatis in a complement-dependent manner (Yousif 
& Hay, 1987). The production of super oxide can destroy the bacteria inside the 
phagosome, the formation of reactive oxygen species during the oxidative bust in 
the phagosome indicated by a high inhibition% act as bactericidal agents. 
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These results indicated extract of leave and bark from P. chilensis form high 
quantity of reactive oxygen species during the oxidative bust in the phagosome 
indicated by a high inhibition% act as bactericidal agents. This property appeared 
in the antimicrobial activity of  P. Chilensis, leaves and barks extracts and pure 
compounds isolated. The high inhibition% in oxidative burst activity which then 
monitored by the addition of luminal encompassing diverse chemical compounds, 
various medicinal and physiological activities in P. chilensis plant (Richard & 
Karen, 1984; Tapia et al., 2000; Astudillo et al., 2000).  
Lymphocyte proliferation based on their ability to interact with cells of both the 
innate and adaptive immune response in the T-cell proliferation by PHA assay. 
The methanol extract of the leave from P. chilensis is most active with inhibition 
99.8 ± 0.1% at 12.5 µg/ml while the bark and root show high activity at 100µg/ml 
and they revealed variable inhibition % and LC50  < 12.5. Immumo- suppressive 
activity were found significantly (P < 0.01) suppressing the proliferation of T-cells. 
The methanolic extracts of leaves and bark have a very clear immunosuppressive 
property for tested doses 12.5-100 µg/ml with LC50 <12.5 µg/ml. In this settings, it 
is usually believed that anti-lymphocyte activity is the most important component 
of an immunosuppressive drug's action and much of the data on modes of action of 
these drugs is concentrated on their ability to inhibit lymphocyte-mediated 
proliferation responses. Hence the present results support the traditional uses of 
this plant an also draining in the same direction of oxidative burst finding results. 
Superoxide production and other free radicals or reactive oxygen species (ROS) 
now appear the fundamental mechanism underlying a number of human 
pathological disorders, diabetes, inflammation, viral infections, autoimmune 
pathologies and digestive system disorders, hence superoxide scavenging is 
considered one of the major pharmacological interest in treatment of the above 
mentioned conditions and immunosuppressive parameter ( Allen, 1986 and 
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Atawodi, 2005). The three parts of P. chilensis plant extracts (immunosuppressive 
activity) revealed significant superoxide inhibition activity (60 – 99% inhibition), 
we attributed the inhibition activity was more potent in case of luminol indicators 
at chemilumenscence assay. 
Phytochemical investigation of P.chilensis three parts (cultivated tree) revealed 
antimicrobial activity against mycetoma causing organisms and immuno-
suppressive activity and characterized by no previous phytochemical studies from 
the literature. Two 2,6-disubsititued piperidine alkaloids were isolated from the 
leaves and one from the bark. Their structures were elucidated only on basis of 
spectroscopic analysis in comparison with previously phytochemical work the 
presence of 2, 6-disubsititued piperidine in P.chilensis three parts was detected for 
the first time. This is indicated by the acetylation of compound PcL-6 and PcL-7; 
only 2, 6-disubsititued piperidin-ols were isolated from P. juliflora (Binzia 1992; 
Ahmed & Sultana, 1991; Ahmed et al., 1989).  Long chain aliphatic side chain 
mainly of methylene group was dominant in these alkaloids, sterols and acids in oil 
fractions.   The two phenolic compounds are extremely active in suppressing 
immune responses in vitro. Only PcR-1, O-glycoside flavone compounds indicated 
antifungal effects against Madurella mycetomatis, in spite of low activity for root 
crude extract. For PcB-1 biflavan, which is a dimer of catechin (6) compound is 
well known immunosuppressive and antibiotic agents (Dahanukar, et al., 2000), 
also was fist time isolated from P. chilensis bark. 
Alkaloids mainly of piperidine derivatives as prosopine (22) and prospinine (23) 
are 2,6 distributed piperidine alkaloid, isolated from Prosopis africana. They have 
hydroxyl-methyl group at C-2 and hydroxyl group at C-3 and long alkyl chain 
bearing hydroxyl and carbonyl group at C-6. Where the piperidine alkaloidal 
compounds isolated from P. chilensis are 2,6- disubstituted. They have methyl 
group at C-2 and long aliphatic side chain (CH2)12 at C-6. Both alkaloids PcB-a1 
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from the bark and PCL-8 from the leaves are 2,6-disubstituted piperidine alkaloid. 
PcL-7 elucidated as piperidine-2-methyl -3 acetyl-6-dodcyl- 25-methyl –indolizin-
ol (59). Which is 2,6-disubstituted and may have hydroxy group at C-3, gave the 
oily state of this compound. It isolated from the column chromatogrphy after the 
acetylation. PcL-8 adimer of {Di-piperidine 2-methy-6-dodcyl}-indolizidine (60).  
Piperidine alkaloid isolated from the genus Prosopis have long aliphatic chain at 
C6 and some of them are dimeric (Strunz & Findlay, 1985).  
Two flavnoids were tsolated PcB-2 is C-glycoside and PcR-1is O-glycoside. 
Prosopis species contain flavonoids, including both O– and C– glycosides (Gibson 
et al., 2004).  
Lipids and sterol composed of cholesterol, campesterol, sito-sterol and stigmasterol 
are found in Prosopis species in large amount (Ahmed & Sultan 1991). Similar 
lipids and sterol were found in P. chilensis.The hydrocarbon fraction contained 
hentriacontane, octacosan-1-ol and triacontan-1-ol (Ahmed & Sultan 1991; James, 
1983) were also isolated from the leaves n-octacosanoic acid, n-hexacosanoic acid. 
 3',4',7,8-tetrahydroxyflavan-3-ol[(+)-mesquitol], is the predominant metabolite in 
the heartwood of Prosopis glandulosa, (Young et al., 1986).   
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Conclusion and Recommendation 
Plants play a highly significant role in drug discovery and development process. 
This is particularly evident in the areas of infectious diseases. There are many 
results, which indicated that plants contain remedies for various diseases including 
microbial infection, AIDS, cancer, diabetes, etc. The following can be concluded 
from this study: 
Out of 70 methanolic extracts of different plants P. chilensis leaves and barks 
were found to have the most potent antimicrobial agents against mycetoma 
causing pathogens. The roots, barks and leaves methanolic extracts 
immunosuppressive effect was investigated. 
Methanolic and aqueous extract of P. chilensis leaves were superior antifungal 
agents. Further work is needed to test the effect in vivo using animal model. 
The alkaloidal compounds isolated from the leaves extract were the most potent 
antifungal among other examined compounds.  
These studies clearly demonstrate that P. chilensis plant, is a rich source of 
antimicrobial and immunomodulating substances. Majority of the isolated 
compounds are found to possess significant antifungal activity. These compounds 
could be considered as a good candidate for developing immunosuppressive or 
antimicrobial agents. 
However further comprehensive studies for in vivo immunomodulating and anti-
inflammatory activity for the active plant extracts and isolated compounds are 
highly recommended. 
The present results need further work including  phytochemical investigations 
including chemical synthesis and advanced analysis. 
 
 
  118
5. REFERENCES         
Abdalla O.A., 2003. Molecular Biological Studies on Madurella 
mycetomatis infection in man and mice. PhD thesis from Erasmus 
University Rotterdam Netherland. 
Abdel Bari E., 1986. The Identity of Common Mesquite Prosopis spp. edit 
by El-Houri Ahmed Forestry Research centre Agricultural Research 
Corporation Khartoum Sudan 
Adzu B., Amos S., Wambebe C., and Gamaniel K., 2001. Antinociceptive 
Activity of Zizyphus spin-christi root bark extract Fioterapia 72; 344-
350 
Ahmed A.O, Van de Sande W.W, van Vianen W,  Belkum van Alex, Fahal 
A.A., Verbrug H.A., Irma A. and Bakker-Woudenber J.M., 2004. In-vitro 
Susceptibilities of Madurella mycetomatis to itraconazole and 
amphotericin B assessed by a modified NCCLS method and a viability 
based 2,3-bis(2-methoxy040nitro-5-sulfophenyl)-5-{(phenylamino) 
carbonyl}-2H-tetrazolium hydroxide (XTT). Journal of Antimicrobial 
Chemotherapy 48(7): 2742-2746. 
Ahmad V. U. and Sultan A., 1990. A new alkaloid from Prosopis juliflora. 
Pak. Scientia Pharmaceutica. 58(4):409-11. 
Ahmad V. U., Sultan A., and Qazi S., 1989. Alkaloids from the leaves of 
Prosopis juliflora. Journal of Natural Products   52(3):497-501   
Ahmed N., Razaq S., 1986. Chemical investigation of Prosopis glandulosa 
flowers.  Fitoterapia 57(6):457.  
Alawai  I.A., 2004. Efficiency of Itraconazole in Madurella mycetomatis 
M. Pharm thesis Faculty of Pharmacy Khartoum university 
Al-Yahya M.A., Al-Farhan A.H. and Adam S.E., 2000. Preliminary 
toxicity Study on the Individual and Combined Effect of Citrulus 
colocynthis and Nerium oleander in Rats Fitoterapia 71: 385-391 
Allen R., 1986.  Phagocytic leukocytic oxygen activities and    
chemiluminescence: a kinetic approach to analysis 449-493. In 
  119
“Methods in Enzymology. Bioluminescence and Chemiluminescence    Vol. 
133” ed. by Deluca M.and McElory D., Academic Press, New York.  
Anderson D., Marquez E. and Huntsberger J., 1978. Luminol enhanced 
chemiluminescence of neonatal granulocyte and monocytes. Pediatric 
Research 12: 476. 
 Andrews F.W., 1952. “Flowering Plants Anglo-Egyptian Sudan vol.2” 
Buncle T,& Co. Ltd Arbroath Scotland. 
Aqeel A., Ahmed V. U., Khalid S. M., Ansari F., Ahmed K., and Khursheed 
A., 1997. Study on the antifungal efficacy of juliflorine and a benzene-
insoluble alkaloidal fraction of Prosopis juliflora.  Philippine Journal of 
Science. 126(2): 175-182. 
Aqeel A., Khursheed A.K., and Ahmed V. U., 1995. Microbial toxicity of 
juliflorine, julifloricine and a benzene insoluble alkaloidal fraction of 
Prosopis juliflora.  Pakistan Journal of Pharmacology 12(2):19-26.   
 Aqueel A., Khursheed A. K., Sabiha Q., Viquaruddin A., 1989a. 
Antifungal activity of some hydrosoluble Prosopis juliflora alkaloids.  
Fitoterapia  60(1):86-89.    
Aqeel, A., Khursheed A. K., Viqaruddin A.,and Sabiha Q., 1989b. 
Antimicrobial activity of julifloricine isolated from Prosopis juliflora.  
Arzneimittel-Forschung  39(6): 652-655 
Aqeel A., Khursheed A.K., Ahmed V. U. and Qazi S., 1986. Antibacterial 
activity of juliflorine isolated from Prosopis juliflora. Planta Medica 
49(4):285-8. 
Astudillo S., Luis J. S., Karin S. H., Guillermo G., Gerald A., David J., and 
Jenkins P. R., 1999.  DNA- binding alkaloids from Prosopis alba.  Planta 
Medica 65(2),  161-162.   
Astudillo L., Schmeda H., Guillermo H., Juan P., and Cortes M., 2000. 
Proximate composition and biological activity of Chilean Prosopis 
species. Journal of the Science of Food and Agriculture  80(5): 567-573.   
  120
Atal C., Sharma M., Kaul A.,and Khajuria A., 1986. Immunomodulating 
agents of plant origin I: preliminary screening. Journal of 
Ethnopharmacology 18:133 – 141. 
Atawodi S., 2005. Antioxidant potential of African medicinal plants. 
African Journal of Biotechnology. 4: 128-133. 
Ayenus E.S., 1978. “Medicinal Plants of West Africa” Inc. U.S library of 
Congress cataloging in publication data series.  
Balfour A., 1904. First Report on Mycetoma. Wellcome Research 
Laboratories Khartoum Sudan. 
Bently K.w., 1957. “The chemistry of natural product vol. 1 the 
alkaloids.” John Wiley & sons Inc. New York USA. 
Bhardwaj D.K., Bisht M.S., Mihta C.K. and Sharma G.C., 1979. Flavonids 
of Prosopis spicigera flowers. Phytochemistry 18:355-356. 
Bhardwaj D.K., Bisht M.S., Jain R.K. and Sharma G.C., 1980. Prosogerin 
D. a new Flavone from Prosopis spicigera seeds. Phytochemistry 19:1269-
1270 
Binzia N., 1992. Investigation of the chemical Constituents of Prosopis 
juliflora. PhD Thesis H.E.J Research Institute of Chemistry Karachi 
University. 
Binutu D.A., Adesogan K.E. and Okagun J.I., 1996. Antibacterial and 
Antifungal Compound from Kigelia pinnata. Planta Medica 62׃ 352–353. 
Bourguignon L. Y and Bourguinon  B. J., 1984. Capping and the 
cytoskeleton. Int. Rev. Cytol. 87:195-224. 
Brenan J.P.M., 1959. Leguminosae sub family Mimoosideae in “Flora of 
Tropical east Africa”. Grown Agents for Overseas Government and 
Aminstration London. 
Broun A.E. and Massey R.E., 1929. “Flora of Sudan” Thomas Murby Co., 
London UK. 
  121
Caceres A., Cabrera O., Morales O., Mollined O.,and Mendia P., 1991. 
Pharmacological Properties of Moringa olifera.1. Preliminary Screening 
for Antimicrobial Activity. Journal of Ethanopharmacology 33 (3): 213-
216.  
Claudia C. G., Luiz G.,  Castro M., and Mírian N. S., 2003. Lymphocyte 
subsets, macrophage and Langerhans cells in Actinomycetoma and 
Eumycetoma tissue reaction. Acta Ttopica 87(3) 377-384. 
Claude P. S., 2001. Antifungal protein Applied and Enviromental 
Microbiology 67 (7): 2883-2894. 
Cowan M.M., 1999. Plant Products as Antimicrobial Agents Clinical 
Microbiology Review 12 (4): 564 -582. 
Dahlgren C. and Briheim G., 1985. comparison between luminal 
dependant chemiluminescence of polymorphnuclear leucocyte and of 
the myleoperoxidase-HOOH system influence of pH, cations and 
protein. Photobiology 41:605-610. 
David S. S., 1975. Plant Biology 363, Plant Secondary Metabolism. Can. 
J. Chem. 53(1): 41–50  
Dahanukar S.A., Kulkarini R.A. and Rag N.N., 2000. Pharmacology of 
Medicinal Plants and Natural Products. Indian Journal of Pharmacology 
32׃ 81–118. 
Donald L. P., Gory M. L., and Georgy S. K., 2001. “Introduction to 
Spectroscopy A guide for student of Organic chemistry 3rd ed.” Harcourt 
College Orlando press Florida.  
Duane I., 1990. “Vascular Flora of Southern United State vol.3 part2” 
published by UNC press  
ElGazali G.B., 1986. “Medicinal Plants of Sudan part 1 Medicinal plants 
of Erkowit” Khartoum University press, Khartoum.  
ElGazali  G.B.,  AbdelBari  E., El Tohami B., and Salih A.K.,1987. 
“Medicinal Plants of Sudan pat II. Medicinal Plants of Eastern Nuba 
mountains” Khartoum University press, Khartoum. 
  122
ElGazali  G.B.,  AbdelBar  E., El Tohami B.,El- Egami A.AB.,AbdallaW.S 
and Galal M.,1997. “Medicinal Plants of Sudan pat IV. Medicinal Plants 
of Northern Kordofan” Khartoum University press, Khartoum. 
El Ghazali  G. E., Abdalla W., Khalid H., Khalafalla M.,and Hamad A., 
2003. “Medicinal Plants of the Sudan Part V: Medicinal plants of the 
Ingassana area”. Khartoum University press, Khartoum.  
El-Hassan AM., Fahal AH., El-Hag  I.A., and Khalil H., 1994. The 
Pathology of Myetoma. Sudan Med. J (Suppl.1) 32:23-45.  
Elrady H. and Saad A., 1994. C-glycosylflavones from Prosopis chilensis.  
 Journal of Pharmaceutical Sciences 10(2), 254-64 
Evan G.V., 1998. Fungi thrush ring worm subcutaneous and systematic 
mycosis 556-573. In “Medical Microbiology A guide to Microbial 
Infection, Pathogenesis, Immunity, Lab. Diagnosis and Control” 15th 
ed., by David Green Wood, Richard Stack and John Peutherer  Elst wide 
Churchill living stone press New York. 
Evans W.C., 1989. “Trease and Evans Pharmcognosy” 13 ed. Bailliere 
Tindall, Allen press. Oxoford.   
Fahal A.H.,2004 Mycetoma: a thorn in the flesh  Trans.of Royal Society of 
Trop. Med. Hygiene 98: 3-11  
Fahal A.H., and Hassan A.M., 1992. Mycetoma British Journal of Surgery. 
79(11): 138-141. 
Fahal A.H., 2006. Mycetoma Clinicopathological Monograph Khartoum 
University press Khartoum 11111 Sudan. 
Falodun A., Okunrobol O., and Uzoamaka N., 2006. Phytochemical 
screening and anti-Inflammatory evaluation of methanolic and aqueous 
extract of Euphorbia heterophylla Linn (Euphorbiaceae), African Journal 
of Biotechnology 5 (6) : 529-531. 
Fletcher M. A., Klimas A., Morgan R., and Gjerset G., 1992. Lymphocyte 
Proliferation. In “Manual of Clinical Laboratory Immunology”, pp. 213-
219. Edited by N. R. Rose, E. C. Macano, J. L. Fahey, H. Friedman & G. M. 
Pena. New York: American Association for Microbiology. 
  123
Fransworth S., 1990. “Bioactive compounds from plants” (D.J. Chadwick 
and J. Marah, eds) John Wiley, ChiChester pp 2. 
Funny T., Caroline G., Fabienne V., Alain L., and Guillaume M., 2008. 
Innvvative Therapeutic Stratiges of Restoring Lymphocyte function in 
Septic patients. Inflammation and Drug Target 7:181-186. 
Gallegos R., Olea R.S., Oliverra A.V., Silveira M.S. and Silveira E.R., 2002. 
Organic carbonate from Calotropis procera.  Fitoterapia 73: 263-265.      
Gazi S., 1987. Studies on chemical Constituents of Prosopis juliflora and 
Brachycarpa cleoma lPhD Thesis H.E.J Research Institute of Chemistry 
Karachi University. 
Gibson S., Rachel H., and Christine M., 2001. Mesquite. In “Medicinal 
. Cited from .edu/ mesquite4.htmwww.medplant.nmsuPlants of Southwest”. 
2008. 20/12/ www.google.com 
Govindchari T.R., Suresh G., and Masilamani S.,1999. Antifungal Activity 
of Azadirachta indica leave hexane extract.  Fitotrapia 70: 417-420 
Grange J.M., 1998. Actinomycetes and Nocardia. Actinomycosis and 
Nocardiosis 222-225. In “Medical Microbiology: A guide to Microbial 
Infection, Pathogenesis, Immunity, Lab. Diagnosis and Control “15th 
ed., by David Green Wood, Richard Stack and John Peutherer. Elst wide 
Churchill living stone press New York. 
Gumaa SA., 1994. The aetiolgy and epidemiology of mycetoma. Sudan 
Med. J 32 (Suppl.1) :14-22 
Haklar G., Ozveri E.S., Yuksei A., and Yalynn A.S., 2001. Different kinds 
of reactive oxygen and nitrogen species were detected in colon and 
breast tumor. Cancer Letters 165 219-224. 
Hamza M.A., 1991. “Trees and Shrubs of the Sudan”. Ithaca press 
ExeterRishmond England. 
Harborne J.B., Mabry T.J., and Helga M., 1975 “The Flavonoids” part 1 
Chapman and Hall ltd. 
  124
Haslam E., 1996. Natural Polyphenols (vegetable tannins) as Drugs 
possible mode of action J. Nat. Prod. 59:205-215. 
Hedberg I., and Edwards S., 1988. “Flora of Ethiopia” vol. 3 
Pitlosporaceae to Arallaceae  AdisAbaba university press. 
Helfand S., Roder J., and Wermeister J., 1982. Chemiluminescence 
response of human natural killer cells. I. The relationship between 
target cell binding, chemiluminescence, and cytolysis. The Journal of 
Experimental Medicine 156, 492-505. 
Hiroshi N., Eri N., Syuntaro H., Yoshiharu F., Kosumi Y., Hideyuki S., and 
Koji H., 2004. Growth inhibitory Alkaloids from mesquite (Prosopis 
juliflora (SU) DC.) leaves Phytochemistry 65; 578-591.  
Hoffman B.R., Delas Alas H., Blanco K., Wiedrhold N., Lewis R.E., and 
Williams L., 2004. Screening of Antibacterial and Antifungal Activities 
of Ten plants from Ghana International Journal of Pharamacognosy 42, 
(1) 13- 17  
Jagaddish V., Kamath A., and Rana C., 2002. Preliminary Study on 
Antifertility Activity of Calotrpis procera root in female rats. Fitoterpaia 
73:111-115. 
James A. Duke, 1983. Prosopis chilensis (Molina) Stuntz in “Handbook of 
 www.hort.purdue.edu/newcrop/duke_energy/ProsopisEnergy Crops” 
2009.16/08/dated up www.google.comCited from  chilensis htlm. 
Janssen A.M., Scheffer J.J., and Svendesen A. B., 1987. Antimicrobial 
activity of Essential Oils A 1976-1986 Literature Review, Aspects of the 
Test Method Planta Medica 53:395-398.  
Ji-Hyun B.,2004. Antimicrobial Effect of Portulaca olerca. Extracts in 
Food Borne Pathogens. J. Food Science and Nutrition 9: 306-311.  
John S. G., 1975. Encyclopedia of the alkaloids I-Z vol.2 Plenum press 
London UK.   
Jusci P. R., 2001. The Search for Biological Activity in Finnish Plants 
extracts. Academic Dissertation Dept. of Pharmacy Fact. of Science 
University of Helsinki.   
  125
Kanthasamy A., Subramanian S., and Govindasamy S., 1989. Bactericidal 
and fungicidal effects of Prosopis juliflora alkaloidal fraction. Indian 
Drugs. 26(8):390-394. 
Kazmi M.H, Malik A., Hameed S., Akhtar N., and Noor A. S., 1994. 
Anthraquinones derivative from Cassia italica.  Phytochemistry 36: 
761-763 
Kevin S. G., and Carolyn I., 2006. Flavonoids functions in plants pp 397-
442 .In “Flavonoid Chemistry, Biochemistry and App;ication” ed. by 
Oyvind M.Anderson and Kenneth R. Markham Taylord and Francis group 
press London UK. 
Khan M.R., and Mlungwana S.M., 1999. γ–Sitosterol Acytotoxic Sterol 
from Kigelia africana Fitoterapia 70׃ 96–97. 
Khan M.R., Kihara M., and Omoloso 2001. Antimicrobial Activity of 
Cassia alata.  Fitoterapia 72:561-564. 
Kinghorn A. D., 1992. “Phytochemical Resources for Medicine and 
Agriculture”, Edited by H. N. Nigg & D. Seigler. New York: Plenum. pp. 
75-95. 
Koko W.S., Mesaik M.A., Yousaf S., Galal M. and Choudary M.I., 2008. 
Invitro Immunomodulating Properties of Selected Sudanese plants. 
Journal of Ethanopharmacology 118:26-34. 
Koko W S., 2007. Immunomodulating, Cytotoxicological And 
Phytochemical Studies On Some Sudanese Medicinal Plants 
PhD, Thesis Sudan Academy of Sciences.  
 
Krieg N.R., 1984. Bergey's Manual of systematic Bacteriology Williams 
and Wikins Press Baltimore USA 
Lester A. Mitscher and Raghav Rao G.S., 1984. The Search for New 
Antimicrobial Agents: Unusual Source. Natural Product and Drug 
development Alfred Benzon Symposium 20. Editors P. Krogsgard-Larsen, 
S. Brogger Christensen and Helmor Kofod  published by MuKsgnard 
Copenhagen Denmark. 
  126
Levine B. L., Mond J. J., and June C. H., 1998. Lymphocyte Proliferation, 
p. 2017-2023. In “Encyclopedia of Immunology”. Ed. by I. V. Roitt. 
Academic Press. London.  
Loutfy B., 1983. “Medicinal Plant of North Africa” Reference Publication 
Inc. U.S library of Congress Cataloging in Publication of data 
series.Michigan. 
Lydyard P.M., Whelan A., and Fanger M.W., 2001. “Instant Note in 
Immunology” Bios scientific publish Ltd Oxoford UK.  
Mahgoub E.S., 1977.  Mycoses of the Sudan. Symposium on Tropical 
Mycoses  Trans. R Soc.Trop. Med. Hyg. 71: 184-188.  
Mahgoub E.S., 1973. Mycetoma caused by Curvularia lunata, Madurella 
grisea, Aspergillus nidulans and Nocardia brasiliensis in Sudan.  
Sabouraudia 11: 179-182. 
Mahgoub E.S., and Murry I.G., 1973. Mycetoma. Wiliam Heinemann 
Medical Books Ltd 98: 376-379.  
Mahgoub E.S., 1994. Medical Treatment of Mycetoma. Sudan Medical 
Journal 32 (Suppl.1):88-97. 
Mahgoub E.S., and Gumaa S.A., 1984. Ketocoazole in the Treament of 
eumycetoma due to Madurella mycetomatis. Trans.Roy.Soc. Med. Hyg. 
78:376-379. 
Matsuhiro B., Presle L. C.,Saenz C., Urzua C. C., 2006. Structural 
determination and chemical modifications of the polysaccharide from 
seeds of Prosopis chilensis Mol. (Stuntz).  Journal of the Chilean 
Chemical Society 51(1): 809-814. 
Mesaik M. A., Shagufta R., Khan, K M., Zia-Ullah, Choudhary,  M. I., 
Shahnaz Murad,c Zakiah Ismail,c Atta-ur-Rahmanb and Aqeel Ahmada, 
2004.  Synthesis and immunomodulatory properties of selected 
oxazolone derivatives. Bioorganic & Medicinal Chemistry 12: 2049 – 57. 
Mohammed A., 2005. “The Text Book of Pharmaconosy 2nd ed”. CBS 
Publisher & Distributors New Delhi.  
  127
Mohammed.M.S., 1996a. Phytochemical Study in Lawsonia inermis. 
Henna indigenous in Sudan MSc. Thesis in Agriculture. Faculty of 
Agriculture Khartoum University. 
Mohammed I.S, 1996b. Phytochemical Studies of flavnoids from 
Polygonum glabrum MSc. Thesis in Chemistry. Faculty of Science 
Khartoum University. 
Mustafa N., Tanira M., Dar F., and Nsanze H., 1999 Antimicrobial activity 
of Acacia nilotica subspp. nilotica fruit extracts. Pharmacy and 
Pharmacology Communications  5: 583-586. 
 National Committee for Clinical Laboratory Standards. NCCLS 2002 
Wayne, PA, USA Reference Method for Broth Dilution Antifungal 
Susceptibility Testing of Filamentous Fungi: Approved Standard M38-A9-  
Nielsen M., Gerwien J., Nielsen M., Geisler C., Ropke C., Svejgaard A., and 
Odum N., 1998. MHC class II ligation induces CD58 (LFA-3)-mediated 
adhesion in human T cells. Experimental and Clinical Immunogenetics 15: 
61-68. 
Obied W.A., 1995. Phytochemical and toxicological Studies of Prosopis 
chilensis and Portulaca oleracea. MSc. Thesis in Pharmacy. Faculty of 
Pharmacy Khartoum University.  
Queton-Leclercg J., Fauel A., Balansord G., Regli P. and Angenot L., 1995. 
Screening for in-vitro Antifungal Activities of some indole Alkaloids 
Planta Medic 61: 475 -477. 
 www.chileflora.commpano 2006. Region V., Cuesta La Domida and La Ca
2009.10/09/.com  www.googleCited from  
 
Richard B., and Herbat R.B., 1989. The Biosynthesis of secondary 
metabolites 2nd ed. published by Chapman & Hall New York USA. 
Richard A. L., and Karen A.M., 1984. Quenching of singlet oxygen by 
alkaloid and related nitrogen heterocycles. Phytochemistry 33(10):2351-
2354. 
  128
Rizk A. M., and Al-Nowdhi A.S., 1981. The Phytochemistry of the 
horticultural plants of Qatar.Scientific and Applied research center 
University of Qatar Alden press ltd UK, 
Scalbert A., 1991. Antimaicrobial Property of Tannins. Phytochemistry 
30:3875-3883.   
Schippers R.R., 2000. African indigenous vegetables An overview of 
cultivated species published by Natural Resource Institute of Green Wich 
Landon U.K 
Schmeda-H. G., 2000.   Biologically active alkaloids and a free radical 
scavenger from Prosopis species. Journal of Ethnopharmacology   71(1,2): 
241-246. 
Shashidhara B.Y., Kumar M.M., Sridhara S. and  Kumar V. P., 2001. 
Cytoprotective role of Solanum nigrum against gentamycin-induced 
kidneycell (vero cells) damage in-vitro Fitoterapia 72: 481-486.  
Simpon B.B., 1977. Mesquite, its biology in two desert scrub ecosystems. 
Dowden, Hutchinson & Ross, Inc. Stroudsburg, PA. 
Sofowora A., 1982. Medicinal Plants and Traditional Medicine in Africa. 
John Wiled and Sons Limited Chichester.   
Suliman El-N., 1994. Laboratory Diagnosis of mycetoma. Sudan Medical 
Journal 32(1): 67-73 
Sujata V. B., Bhimsen A. N., and Meenakshi S., 2005. Chemistry of 
Natural Products 613 618, 115 205 publish by Norosa publishing home 
New Delhi India. 
Strunz M. G., and Findlay A. J., 1985. Pyridine and piperidine alkaloids 
89-109. In The alkaloids Chemistry and Pharmacology vol. 26 ed. by Arnold 
Brossi. Academic Inc. press London UK.   
Swami K. D., Malik G. S., Bisht N. P. S., 1989. Chemical investigation of 
stem bark of Ficus religiosa and Prosopis spicigera.  Journal of the 
Indian Chemical Society  66(4): 288-289. 
Tapia A., Egly Feresin G., Bustos D., Astudillo L., Theoduloz C., and 
  129
Tom R., 2005. Hemlock alkaloids from Socrates to poision aloes. 
Phytochemistry 66 (12): 1399-1406. 
Willy J. P., and Els J.M.,1995. Lectins as Plant Defense Proteins Plant 
Physiol 109:347-352. 
Tsuchiya H.M., Satu M. L., Yokoyama M., Ohyama T., Tanaka I., Takase I., 
and Namikawa T., 1994. Inhibition of the growth of Cariogenic bacteria 
invitro by plant flavonone. Eperientia 50:846-849. 
Van de Sande W. W. J., Luijendijk A.and Ahmed A.O, 2005. Testing of the 
in-vitro susceptibility of Madurella mycetomatis to six antifungal agents 
by using the Sensititer system in comparison with a viability based 2,3-
bis(2-methoxy040nitro-5-sulfophenyl)-5-{(phenylamino)carbonyl}-2H-
tetrazolium hydroxide (XTT) assay and a modified NCCLS method. 
Journal of Antimicrobial Chemotherapy 49: 1364-1368. 
Van de Sande W. W. J.,  Ahmed F., Henri V., and Alex V. B., 2007.  
Polymorphisms in Genes Involved in Innate Immunity Predispose 
toward Mycetoma Susceptibility. Journal of immunology 179 3065-3074. 
Xian-Dog L., Shao-Hua W., Yum-Bao M., and Da-Gang W., 2000.Anew 
Terpenoid from Azadirachta indica Fitoterapia 71; 668-672. 
Yogisha S., Samiulla D.S., Prashanth D., Padmaja R. and Amit A., 2002. 
Trypsin Inhibitory Activity of Lawsonia inermis Fitoterapia 73: 690-691. 
Young E., Edward V. B., Desmond A., Young D. F., and David G. R., 1986. 
Snythesis of Condensed Tannins Part 17. Oligomersic (2R, 3S)-
3,3’,4’,7,8-pentahydroxy flavans: Atropisomerism and conformation of 
Biphenyl and m-terphenyl analogus from Prosopis glanulosa (Mesquite). 
J. Chem. Soc. Perkin. Trans. 1:1737-1749. 
Yousif M. A., and Hay R. J., 1987. Leucocyte chemotaxis to mycetoma 
agents. the effect of antifungal drugs griseofulvin and ketoconazole. 
Trans. R. Soc. Trop. Med. Hyg. 81: 319-321 
Zsuzsanna S., Joseph M., and Judit H., 2006. Antimicrobial and 
Antiplasmid activities of Essential Oils Fitoterapia 77: 279-285. 
 
  130
 
Figure 13 1HNMR spectrum for compound PcB-1  
 
 
Figure 14 Mass spectrum for  compound PcB-1 
 
  131
 
Figure 15. 1HNMR for compound PcB-2 
 
 
Figure 16. Mass spectrum for compound PcB-2 
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Figure 17 1HNMR  spectrum for compound PcBa-1 
 
 
Figure 18 Mass spectrum for compound PcBa-1 
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Figure 191HNMR spectrum for compound PcR-1 
 
 
Figure 20 Mass Spectrum for compound PcR-1 
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Figure 21. 1HNMR for compound PcL-8 
 
 
Figure 22 Mass Spectrum fur compound PcL-8 
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Figure 23. GC/MS spectrum of2,Buten-3one,1(2,3,6trimethyl)phenyl 61 
 
 
Figure 24. GC/MS spectrum for Methyl -2,6dimethyltridecaonate 62 
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Figure 25 GC/MS spectrum Hexadecanoic acid methyl ester 63 
 
 
 
Figure 26. GC/MS spectrum for Octadecanoic acid 66 
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Figure 27. GC/MS spectrum for Tetracosanoic acid 68 
 
 
Figure 28. GC/MS spectrum for 2,4-methyl1-5,26-stigmasadien 3-β-ol 70 
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Figure 29. GC/MS spectrum for 3-But-ene,4(3cyclohexene)-methyl 71 
 
 
Figure 30 GC/MS spectrum for 2-cyclohexene1-carbxylaldyhyde 72 
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Figure 31. GC/MS spectrum for Dihydroandrasterane-9,12,15-octadecatrinoic acid 73 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
